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Preface 


Tills bool; Is designed to fill a gap in the science education prepa* 
ration of elementary school teachers. During the past fe\v years 
it has become more and more evident to Uie authors that their 
students, both pre'Service and in*$ervicc teachers, have been 
unable to bring together wliat they have learned from tlie area 
of child development and tlie areas of science and curriculum. 
On llie one hand, the students have studied child growth and 
development and the consequent learning theories which evolve 
from this information. On the other hand, they have had courses 
in science and in the science curriculum for the elementary 
school. But these courses generally have been compartmentalized 
both in the actual college situation and, more important, in the 
students’ minds. From this bool^ prospective teachers as well as 
those already in tlie field can learn how to put learning theories 
into practice in the science dassroom. The book is intended for 
use in imdergraduate and graduate courses in Science Education 
in the Elementary School. It should also be very useful to work- 
shop groups in school systems where plans are being made for 
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introducing or expanding the elementary school science program. 
The book brings together three important aspects of science 
education. In the first place, it presents the goals which may be 
established for elementary school science. Secondly, it outlines 
the science materials which can be used to reach these goals. 
Third, it expounds those aspects of child development which 
are of concern to the teacher of elementary school science. With 
these three factors as a base and using actual classroom descrip- 
tions, the book sho^vs how elementary school science can be 
brought to life in a classroom and how science can be made an 
integral part of the entire elementary school curriculum. In 
agreement with the philosophy which holds that each child 
should receive his full share of attention and an opportunity for 
developing to his optimum potential, the book presents ideas 
for working with all children. In addition, it contains a special 
section on working witli the academically able children who have 
so often been neglected in the past. 

The photographic stories deserve a word of explanation. Althou^ 
the photographs were taken especially for this book, they were 
not posed. They illustrate some of the ways in which teachers are 
actually teaching science to children. The photographs show what 
a person would see as he observed a class in action. Teaching and 
learning science is an active process; things are happening rapidly 
and all the time. The illustrations show this activity and movement 
Tliree general situations are illustrated: a class as a whole working 
on a science unit; small groups studying some special phase of the 
class work; and individual children learning science. The photo- 
graphs illustrate the kinds of science units which do not require 
specialists but can be taught by all elementary school teachers. 

Tlje authors want to thank all of the children and parents and all 
of the teachers who helped them both witli the photographs and 
will Uie text. And A. E. Woolley, the photographer, certainly has 
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our ihanlcs for the way in which he caught the spirit of the book 
in his pictures. Finally, thanks is due to the editorial staff of AUyn 
and Bacon, Inc., especially to Jean Swift and Wayne Barcomb, 
who saw this through wth us from beginning to end. 


HAROLD E. TANNENBAUM 
NATHAN STillMAN 
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I SCIENCE IN OUR 

ELEMENTARY SCHOOLS 


T ms is the age of the atom, the age of the man-made 
satellite, tlie age of antibiotics, artiScial hormones, 
cybernetics, and automation. This is the age of science. 
Science has joined the "tliree R’s” as the fourth cornerstone 
of the school curriculum. But what to teach? And how to 
teach it? Tliese are the questions. 

This book is written to help solve these problems. Reasons 
for teaching science will be discussed, but only after a 
workable definition of science has been established. We 
will examine children and determine some of tire thin^ 
that they need from their schools. We will etamine schools 
and the demands that society has placed upon them. But 
mostly we will examine tlie teaching of elementary school 
science. There ^vill be discussion of where a science 
program can lead; wliat can actually take place in a 
classroom during a science period; how the teacher can 
use his background to teach science; and how the teacher 
can expand Iris background in science. 
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A FRAMEWORK 

FOR SCIENCE TEACHING 

Science teaching, like any odier teaching, has to be done within 
a framework. First, the purposes of our schools need to be estab- 
lished. Then, we must determine what children can do and what 
they must do. And finally we must decide what science is and how 
it can fit into the curriculum of the school. 

The business of the world is the curriculum of the school, with 
no holds barred. And science is everyone’s business. What do you 
think about federal conservation policies? How about your local 
water supply— should it be fluoridized? Or what about the inter- 
national control of atomic ener©'? These are everyone’s problems. 
They make a difference to all of us. And these problems, together 
with a hundred others, must exist in this kind of society. The 
technology that we have brou^t into tlie world— for men have 
brou^t it into being-is going to continue to impose its problems 
upon us at the same time that it offers its benefits. But modem 
society has another characterisUc. This is a democracy. All people 
are Important. All people either do have, or can have, or should 
have a voice in the ways in which society’s problems are solved. 
The decisions on these problems must be made. Either we, all of 
us, will make the decisions, or they will be made for us by a 
smaller and ultimately dictatorial minority. 

It is not easy to make these kinds of decisions. It takes informa- 
tion. It takes objectivity. It takes profound thought Most of all, 
it takes courage to act and behave democratically. So children 
have to be prepared for all of this. And the schools have been 
assigned the task of helping the children become participating 
citizens. 

Most contemporary problems with which the citizen is con- 
cerned are interwoven with science. The water conservation 
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policies of the federal government involv’e everj’ono in a dozen 
different ways. Tlie amount of food a\-ailablc, tlie cost of this 
food, tlie future of the nations natural resources, tlie needs of 
fanners, the effective use of water for industry, transportation, 
power, and recreation, in addition to its use for agriculture, are 
all tied up in tliis question. Certain things are knouTi- Some of our 
land should not be used for annual crop production. Because of 
the u’ater situation, such use of tliis land can only cause it to be 
completely destroyed. This information has been proxaded by 
science. \Vhat is done witli tliis information is outside the realm 
of science. But science is involved in tlicse social problems. 

Consider tlie problem of adding fluorides to a u'atcr supply. 
Many misstatements have been made, but the facts are easy to 
come by. Many reputable medical agencies advocate the addition 
of fluorioo salts to water supplies. Tliey advocate Uiis on tlie basis 
of a series of tests and experiments which seem to them to show 
that tite addition of tills materia] to drinldng water lessens the 
possibility of tootli decay and does no harm to the drinkers. This 
is the science. Otlier questions such as cost, private versus public 
addition of fluorine, government interference, and so on, also 
need consideration. But science can give some of tl»e facts to 
help people make rational dedsions about personal and social 
problems. 

A DEFINITION 
OF SCIENCE 

As an individual and as a citizen, each of us needs science. Most 
people use it, or at least claim to use it, regularly. But what is 
science? For one tili ng, it is _an-MEa nized accumulation of fa ctual 
information. For anotlicr, it is a series of generalizations based on 
these facts.lt is, however, much more tlian this. Science is a way 
of tliinking, a xvay of feeling, and, c\’cn more important, a way of 
behaving toward people, toxvard things, and toxx-ard oursclx cs. 
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It is true that science presents "the facts.” The “science of astron* 
omy” is the body of facts, systematically arranged so as to show 
the operation of general laws which have been developed from a 
continuous examination of the universe. The “science of geology" 
or the “science of physics” or any of the other “sciences” could 
be defined in a similar way. Having defined tliem thus, we still 
would not have a picture of science, and need to go further to 
get a complete idea of what sci^ce is. 

The facts are only a part of science. Beyond them is an attitude 
toward fact finding and knowledge in general. We must want to 
know, to understand, to search for answers to the questions asked, 
and to search for these answers with as much objectivity as is 
humanly possible. We must have the courage to look at ourselves 
and at the world, and have the honesty to allow investigations 
to be full and free and open. We must have the vision to see 
beyond the limits of hypo^eses and the bumilily to change pre- 
conceived positions when the evidence presented by the facts 
denies and negates them.-Given this attitude, we can leam to use 
the rational techniques of thinking that have come to be asso- 
ciated with science. We can find and define problems. We can 
accumulate data which bear upon them. We can propound 
hypotiieses. We can test flie ccrasequent deductions and alter or 
affirm original generalizations. And then we can go on with this 
rational examination of the world and of ounelves. A considera- 
tion of all these facets presents a more accurate picture of science 
today. 

One thing should be made clear— science has definite limits. 
Science can give the facts; it can give the generalizations and 
theories based on these facts; it can give a way to look at and look 
for facts. But science cannot provide moral judgments. Science 
is not “good.” Nor is it “bad.” Science can only point direction for 
action and give guideposts fw behavior. These are its limits. To 
expect more from science is to deceive one’s self and to do a dis- 
service to society. 
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THE TASK OF THE SCHOOL 
IN REGARD TO SCIENCE EDUCATION 

Here tlien is the situation. We are faced with the problems of a 
modern, teclmical society. Tlie solutions to these problems de* 
mand scientific information, scientific attitudes, and scientific 
behavior. All people need to participate in these solutions. So the 
schools have been given tlie assignment of helping people to 
understand tlie world in wliich tliey live and to make rational 
decisions about current problems. Tliis gives the school a gra\’e 
responsibility. If tlie people are going to make decisions on mat- 
ters wliich concern atomic cnerg)', then they should know some- 
tiling about it, about what it can do to tliem and for them. If 
tiiey are going to make decisions about power and conservation 
and medicine and food resources, then Uiey must have knowledge 
of these matters. What is studied is very important. TJie curricu- 
lum must include those tilings which ore vital in tliis technical, 
industrial, democratic society. 

Then there is the task of helping children develop attitudes to- 
wards the use of scientific information in the solution of social 
problems. As w-e said lieforc, science includes the altitudes and 
behavior of people as mudi as it docs a bodj- of facts and general- 
izations. Tlie school must assume a large share of the responsi- 
bility for developing tliese scientific attitudes and sponsoring lliis 
scientific behavior in citizens. 

Finally, there is tlie task of helping children understand and 
fulfill Uicmselves. Tlie soliool needs to guide them so that they 
may become creative, rational, purposeful, and TcHcctive so 
tliat they may establish personal principles and values. Tlie school, 
and science education as it exfsts \vitfiin the framework of tfie 
curriculum, must help children with these personal problems. W’c 
want cliildrcn who not only understand facts, hut who also be- 
liave in positive and creative and rational waj-s because of their 
education. 
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Citizens need to see llie whole world as it is, as it was, and as it 
can be. And they need to act in such a manner as to ensure the 
well-being of all people. Society has assigned to the schools the 
task of helping develop sudi citizens. Teachers must take up tlie 
challenge. 
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There are always finishing touches to be added. 



n DEVELOPMENTAL CONCEPTS 
AND SCIENCE TEACHING 


T o meet society's challenge, the teacher must solve 
the problem of ^vhat and how to teach children. There 
are many plans, many techniques for fostering learning 
In children. \Vhen faced with such a broad problem as this, 
it is well to look for fundamentals. It is axiomatic that the 
teacher who has a real understanding of child gro^vth 
and development is more likely to be competent in 
guiding cliildren in learning situations. Witliout an 
understanding of how children leam, wthout insight into 
the reactions wliich they have, or, in other words, \vithout 
the ability to see children in relaU’on to what is being 
taught, the teacher is not likely to have much success in 
his work. There is an old story which puts the matter very 
well. It tells of an incident early in the careers of both a 
teacher and a youngster while both were struggling Tvith 
arithmetit^ she to teadiit and he to leam it. The teacher 
posed what she thought was a fine problem for the 
children. “If your mother had ten cookies and your brother 
^vas told to take two, how many would be left?” 
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The problem ^vas easy. It was dearly stated. It led to the general- 
ization that she wished to make- Nothing could go wrong, yet 
something did. The youngster listened skeptically to the ques- 
tion. The ans^ve^ was obvious to him. “None,” he said. The 
teacher was startled. “No. Thai's wrong. The answer is eight.” 
With utter disgust came the boy’s reply. “Teacher, maybe you 
know arithmetic, but you don’t know my brother.” 

The teacher had lost sight of what children are really like and 
what that docs to learning. She did not take into account the im- 
pact of cookies on children and the rivalry between siblings. 
Teachers who have a real understanding of the principles of child 
gro\vtli and development will be much more competent in guid- 
ing cluldren in learning situalioDS. As the teacher comes to under- 
stand the characteristics of the children mth whom he works, 
he becomes more effective in his teaclung. For e.'iample, an un- 
derstanding of the concept of readiness and its implications for 
learning can make the difference between encouraging intellec- 
tual curiosity and stunting it Similarly, the insight into various 
aspects of pupil behavior can result in more productive and e£B- 
cient learning situations. If the teacher knows the kinds of things 
that can be expected, if he can anticipate children’s actions and 
can plan for them, then the dassroom becomes a place for guid- 
ing children’s growth, and the teacher is able to use the inherent 
characteristics of children to help them grow. 

It must be pointed out at once that the teacher is not a psy- 
chologist Nor should he be. The teacher is engaged to help 
children achieve speciBc knowledge and skills which will serve 
both them and society in the present and in the future. The 
teacher teaches the children to read, to write, to do arithmetic, 
and to imderstand many things, not the least among them being 
science. To discount this function of teaching knowledge and 
skills would be completely unrealistic. Furthermore, wthout such 
knowledge children would not develop the healthy personalities 
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that are needed in todays So there really is no choice 

between teaching science and teaching Johnny. Ratlier, the 
teachers task is teaching sdence to Johnny in such a way tliat 
he s\ill be enabled to function more adequately and more ere* 
ativdy in tlie world in which he lives. 

Tlierefore, the teacher needs to Icnmv much more than simply tlie 
developmental cliaractcristics of elementary school children. 
What the teacher needs is an understanding of ho^v the basic 
principles of child growth and development are apph'ed in class- 
room situations. It is all very well lo know that “gnw'tli" is the 
fundamental characteristic of all living tilings, tliat plants or 
animals, children or old jieoplc, students or teachers, doctors or 
la\vj’crs, richmen or poormen all grow, and that when they stop 
growing they are dead. But what docs this mean lo a teacher? An 
understanding of children and of their pattems of dcvelc^ment 
Is significant in relation to its cfTcct on tlie way a teacher works 
with his students. In otlier words, theories increase in value and 
gain significanco in direct proportion to tlicir apph’cnbility in real 
sihiations. Here are some basic concepts about cliild growtli and 
development and tlieir impUcations for science teacliing. 

INHERENT DRIVES 

Inherent in all individuals is an impulse to grow. Being alive is 
almost synonymous %vitli growing. Clearly, while an organism is 
alive, it is continually growing, replacing worn out cells svith 
new ones, changing siz^ chan^g shape. Tliis applies to all 
living things including humans. But human growth has additional 
dimensions. Not only does growth mean gro\vth of bones and 
muscles. It also means growth of ideas and of feelings. It means 
getting bigger. But it also means developing a more adequate 
structure and tlie ability to function better, so tliat eacli human 
reaches tow’ard self-realization. Hus force of growtli is in con- 
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The prohlera 'was easy. It was deaxly stated. It led to the general- 
ization that she ^vished to make. Nothing could go \vrong, yet 
something did. The youngster listened skeptically to the ques- 
tion. The answer was obvious to him. “None,” he said. The 
teacher was startled. “No. That’s wong. Tlie answer is eight” 
With utter disgust came the boy's reply. “Teacher, maybe you 
know arithmeb'c, but you don’t know my brother.” 

The teacher had lost sight of what children are really like and 
what that does to learning. She did not take into account the im- 
pact of cookies on children and the rivalry between siblings. 
Teachers who have a real understanding of the principles of child 
growth and development will be much more competent in guid- 
ing cMdren in learning situations. As the teacher comes to under- 
stand the characteristics of the children w'ith whom he works, 
he becomes more effective in lus teaching. For example, an un- 
derstanding of the concept of readiness and its implications for 
learning can make the difference beriveen encouraging intellec- 
tual curiosity and stunting it Similarly, the insight into various 
aspects of pupil behavior can result in more productive and efB- 
cient learning situations. If the teacher knows the lands of things 
tliat can be expected, if he can anticipate children’s actions and 
can plan for them, then the classroom becomes a place for guid- 
ing children’s growdi, and the teacher is able to use the inherent 
characteristics of children to help them grow. 

It must be pointed out at once that the teacher is not a psy- 
chologisL Nor should he be. The teacher is engaged to help 
children achieve specific knowledge and skills which \vill serve 
both them and society in the present and in the future. The 
teacher teaches the children to read, to ^vrite, to do arithmetic, 
and to understaiid many things, ruA the least among them being 
science. To discount this function of teaching knowledge and 
skills would be completely unrealistic. Furthermore, tvithout such 
knowledge cliildren would not dev'elop the healthy personalities 
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that are neotlcd In texlay’s world. So there really is no choice 
between teaching science and teaching Johnny. RatJicr, the 
teaclier’s task is leaching science to Johnny in such a way that 
he wU he enabled to function more adequately and more cre- 
atively in the world in which lie liv'cs. 

Therefore, the teacher needs to know much more than simply the 
developmental characteristics of clcmentar>' school clilldren. 
Wliat the teacher needs is an understanding of how tlic basic 
principles of child growth and development are applied in class- 
room situations. It is all very well to know that "gross-tli" is the 
fund.'uncntal characteristic of all living tilings, lliat plants or 
animals, children or old people, students or teachers, doctors or 
lawj'crs, riehmen or poormen all grow, and that wlien they slop 
growing they are dead. Cut wlial does tliis mean to a teacher? An 
understanding of children and of tlicir patterns of development 
is signiOcant in relation to its effect on the svay a teacher s^nrks 
sslth his students. In other words, theories increase in value and 
gain signiGcanco in direct proportion to their applicability In real 
situations. Here arc some basic concepts about cliild growth and 
dcvclo])mcnt and their implications for science teaching. 

INHERENT DRIVES 

Inherent In all individuals is an impulse to grow. Being alive is 
almost 5^7100)^003 svitli growing. Clearly, wlille an organism is 
alive, it is continually growing, repkicing worn out cells with 
now ones, changing size, changing sliapc. Tliis applies to all 
living tilings including humans. But human growth has additional 
dimensions. Not only does growth mean growtli of bones and 
muscles, ft also means gjowfli of ideas and of /eclmgs. If means 
getting bigger. But it also means developing a more adequate 
structure and the ability to function better, so (Iiat each human 
reaches toward self-realization. This force of growth is in con- 
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tinuous operation, allowing the individual to become larger in 
size and, concurrently, giving Iiim more adequate control over 
liis environment, making it possible for him to change his ideas 
and his w’ays of doing things, allowing him to develop new feel- 
ings about lus world and new modes of coping with it. How much 
this force will move the individual— liosv dynamic it will be— is 
directly related to the environment. One environment will en- 
courage growth in the individual. Another will liinder his gro^vth. 
No one could question the relationship that exists bchveen ade- 
quate diet and sound physical growth. It is equally true that 
there are similar relationships bct\\'een environmental factors 
and mental grmvth, although these factors are less obsious. None 
the less, these relationships must be found and put to sound 
use in teaching. 

One essential factor about growlh in humans is that there really 
are no different kinds of growth. Tluough custom, and tlirough 
previous invalid theories, three lands of growth have been noted- 
physical, mental, and emotional- with the implication that these 
are three distinct and different phenomena. In reality, these three 
factors, any one of which may stand out at a given stage of de- 
velopment, are only different aspects of the same single indi- 
visible phenomenon, growth of the human being. They are inter- 
woven and inseparable and must function as a whole. And since 
they are so interrelated, the environment in which the human 
lives has an impact on all of the aspects of his growth. A limited 
phj^ical environment can stunt an indiyiduals gro^vth in all its 
aspects, in the mental and emotional as well as the physical as- 
pects. Everything that is known about people and how they live 
and grow shows clearly that there is a unity of mind and emotion 
and body. ^Vhat happens to his big toe affects what happens to 
his dasswork and vice versa. The child is a whole being and he 
must be taught as a whole. The teacher has to accept the squirms 
of the ten-year-old along with his fine mind and enthusiasm for 
learning because all of these things make up die diild, the 
whole child. 
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Jusl as an adequate diet Is necessary for growth, so oUier ingredi- 
ents are necessaiy for iJie itealdty ^x>wdi of the whole child. A 
few basic ones are security, an opportunity to use one’s capac- 
ities, and a sense of achievement. Providing these factors in the 
child’s enviromnent facilitates his growth. Security is as good a 
starting place as any. Children need the security of acceptance. 
They need to feel welcome. They need the assurance of a home 
base. Then they can go on in their growth to explore and to de- 
velop and use their capacities. This trying, failing and trying 
again, this learning new skills and new ways of putting ideas and 
concepts together is also an inherent part of the individual’s 
make-up. Given a secure bas^ a feeling of belonging and of being 
wanted, tlie child can satisfy liis inherent desire and need to learn 
and to use his natural capacities. And ^vith each new learning 
comes a sense of achievement and a pride in self which he can 
take back to his home base to make Irim more secure. But now 
home base has changed, because the individual has changed. It 
is a new home base in a ^v^dcr world. Still, tire way in which he 
Jeanis is the same. Starting out from the security of on accepted 
place and a feeling of belonging, the learner goes on to develop 
his ne^v capacities and to acliieve new gro%vths of all kinds. These, 
in turn, lead to further satisfactions and to further growths. 

In the primary grades cliildren exhibit a tremendous urge to grow 
mentally. They have an insatiable curiosity and are constantly in- 
volved in asking questions on a great variety of subjects. And the 
more they learn, the more they question. It would seem that this 
pattern should go on indeGnilely. Intermediate and upper grade 
youngsters are expanding their i)owers of observation, and in- 
creasing their knowledge and skills. One would expect tliis ex- 
panded vision to bring on a flood of new, and wider, and deeper 
questions. But tlie questions frequently sfow down. There are still 
questions, but not from all the cliildren. The dangers of asking 
the “wron^ questions become loo great. By liigh school there is 
usually a slow trickle of queslioxa and, in college, the professor 
has come to expect a quiet dosing of notebooks at the end of a 
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lecture and an embarrassing silence during the question period. 
^Vhat has happened to the impulse to grow and to learn? Appar- 
ently, for many students the coxironment of the school has not 
encouraged growih hut, instead, lias blocked it. Somewhere be- 
tween the primary grades and the college class there is a break in 
the cycle of growth from security and belonging to exploration, 
then to a feeling of accomplishment and acliie\’emcnt, and tlience 
to wider security and on to new growtlis. This break in the cycle, 
this lack of an environment conducive to growth has created a 
serious loss both to the individuals and to society. 

Another factor stands out when one examines the groxs’th of 
children. Each child has a different rale of growth and a different 
potential for maximum growth. One never questions tlie differing 
physical sizes of people. All are accepted, the big ones and small 
ones, the fat ones and tliin ones. In like manner, individuals dif- 
fer with regard to their emotional patterns. Wio is to say that the 
quiet, retiring person is more or less desirable than the gregarious 
and out-going person? Similarly, it must be recognized that eacli 
penon has a given potential for mental growth and development 
and that each child grows at his own rate. 

If the concern of education is to foster optimum growth in each 
individual, then schools are failing. This has been kno%vn for a 
long time and there have been ever recurring e.xainmations of 
curricula and of procedures. Many new curricula have been de- 
vised and new procedures are continuaUy being introduced. But 
it is most important to recognize the fact that neither curricula 
nor procedures are the ends of education. They are merely the 
means to an end. \Vliat children are to learn and how they are to 
leam it must be determined by the influence that this material 
and these techniques have cm the total growth of each child. 

The problem, then, is to find those materials and to devise those 
techniques which svill make an optimum contribution to fostering 
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the growth of children. The el^ncntary school science program 
can provide an excellent opportunity for satisfying the basic 
needs of children, thus contributing to their desirable growth. 
Childrra have always shown great curiosity about their physical 
environment, principally because they liave needed to deal with 
it. Survival has required tliat cliildren develop certain simple 
imdcrstandings relating to tilings they must not eat, or must not 
touch, or must avoid. \Vlien tlie child enters school he already 
possesses a body of information mth respect to his physical en- 
vironment, even though it may be very primitive. Here then, is a 
base upon which further understandings of the world can be 
built. As children are guided into e3cplorations of their expanding 
environment, they develop self-confidence. They grow more sure 
of themselves and of their relationslups witlr the world arotmd 
them. Natural phenomena, like thunder and liglitning, or plants 
and onimab, or mushrooms and snakes, no longer cause irra- 
tional fear. Instead, with proper teaching, tliere comes a respect 
for and a rational relationship with the ennronment. As children 
learn, tliey become able to use what Uiey have learned in their 
relatlonsliips ^vith otliers, especially with their parents. Tliis does 
much to give youngsters a feeling of belonging and to increase 
their status boUt in the eyes of others and, more important, in 
their own eyes. The child needs to understand satellites and jets, 
antibiotics and radioactive elements not only so that he can make 
his own adjustment to the world, but abo so that he can partici- 
pate in his various social groups— Ills peers, his neighbors, his 
family. And through these contributions the cliild becomes a more 
secure member of these groups. 

There is in the science material a further inlierent value that must 
not be neglected. This material, more than any other curricular 
material, provides for the interests and needs of cliildren of vary- 
ing abilities. There is work, there are ideas, tliere are concepts for 
the slow ones, and there are equally challenging materials for the 
most capable, even for the ^'fted when such cliildren are found 
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in the class. Furthermore, each of llicsc groups, each cliilcl in fact, 
lias a wider range of opportunili^ for exploration in science than 
in any otlier area. Each topic has many possible avenues of in- 
vestigation wb'ch can be explored to a greater or lesser extent. 
Thus, there are plenty of experiences for all tlie children. Tluxjugh 
a sound use of science materials children can attain greater self- 
realization. A well-taught science program can lead to maximum, 
well-rounded, and healthy growtli for each child, regardless of 
his abilities. 


READINESS 

There is an optimum time for certain learnings. Directly derived 
from the concept of growth, anti closely related to it, is the con- 
cept of readiness. Readiness means that growih exerts a deimite 
influence on learning and, consequently, children can be intro- 
duced to new learnings either too early or loo hte for optimum 
grmvth to take place. Two factors arc the determinants of readi- 
ness, the child’s stage of development and his cultural milieu. 
Each of these needs consideration in tlie selection of appropriate 
materials for the curriculum and each should influence the tech- 
niques used in conducting a class. These factors have special im- 
plications for tlie science curriculum and can readily be taken 
into accoimt in establishing it. 

Take first the matter of biological readiness. For a first grader, 
the microscope would probably be a source of frustration. Quite 
aside from the difficulty of grasping the meaning of the micro- 
cosm, it is likely that bis eyes could not focus on the field of a 
microscope. On the other hand, a long handled magmf>’mg glass 
could open new vistas for bis busy mind. A hand lens hanging 
next to a classroom aquarium can bring whole new worlds to the 
eyes of a six-year-old, and a lens taken along on a trip around the 
school grounds can afford many a new and exciting experience. 
Using the concept of biologcal readiness means introducing tools 


14 



II: Developmental concepts and science teaching 


wliich children can learn to use and facts and generalizations 
whiclr they can assimilate. 

But the clUld’s stage of mental ^xwth must also influence the 
science curriculum. A chOd in the primary grades who discovers 
with fascination the accidental rainbow cast by tlie acquarium 
is ready to explore other ways of making rainbows and to gener- 
alize on the conditions needed to create this phenomenon. But 
it is unlikely tlxat he would be ready for a study of the differences 
between reflected and transmitted colors or a consideration of 
the ^vave lengtlis of lights. Such facts and generalizations are too 
abstract for a young child and are more appropriate for liigh 
school or even college. Yet each topic in science has within it gen- 
eralizations which the cliild can tmderstand and use at his various 
levels of maturity. There is material in the topic of “light” for tlie 
six-year-old, for the ten-year-old, for the high school junior, and 
for the college senior. The teacher introduces what the children 
in Ills group are capable of absorbing and using. The other side 
of the coin is also significant Introdudng ideas and activities too 
late in the groNVth of diildren can mean boredom, rejection, or 
even revolt. Trying to get eleven-year-olds excited about tlie ways 
in which animals and plants prepare for vrinter can be frustrating 
to the children and consequently to the teacher. And studying 
about wliat magnets can pick up and what tliey can’t will pall 
even for the most patient diildren after they already have worked 
with magnets for three or more years. But since sdence topics 
lend themselves to presentation at various levels and in various 
ways, sudi situations need not arise. 

Equally important in the (^ration of the concept of readiness 
is the ciJtural milieu of tlie children. A child raised in a rural en- 
vironment, one who lives with animals and plants all the time and 
who knows through personal esqjerience many of their character- 
istics, is likely to be ready for a study of such materials much 
sooner than liis city cousin. And conversely, the city child is ready 
for a study of elevators, and subways, and rapid transit systems 
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sooner. Cliildrcn from citlicr environment can find stimulation 
in both studies, but choosing the appropriate materials at the 
right time for each group is essential. Even more significant is 
the factor of new forces in the culture. A fourth grader of a gen- 
eration ago scarcely knew the word rocket except for the fire- 
works on July Fourth. But today, because information about 
successes and failures at Cape Canaveral and elsewhere are 
quickly disseminated through the media of television, radio, 
newspapen, and magazines. It is the rare child who has not 
either seen a rocket leave its launching pad or at least heard it 
described and seen pictures of it. ^Vhat was too complex, too 
abstract, even exotic for tlie children of 1920 is commonplace 
and significant for today s cliildrcn. 

Beadiness, then, is dependent on several variables and no simple 
formula can indicate when a child or a group of children are 
ready for specific learnings. Thus, the curriculum in elementary 
school science, while based on over-all science generalizations, 
must be adapted and adaptable to the child’s degree of readi- 
ness both in terms of his capacity (or understanding and in terms 
of his interests and needs. In oilier words, the science program 
must be diversified, the topics must range over the entire field 
of science, and the concepts and facts must be drawn from sev- 
eral sciences if they are necessary for the satisfaction of a given 
stage of growth. Furthermore, the selecb’on of materials must 
be flexible so that it takes into account the child’s stage of 
growth. This, however, is not too difficult because the generali- 
zations of science, as has been noted, lend themselves to explo- 
ration at various depths and for varied maturities. This means 
that while a class of children is working on materials from a sin- 
generalization, they will not necessarily all be involved in 
identical activities. In fact, as a class works on problems derived 
from science materials, there will be many times when the work 
of different individual children in the class will range from pro- 
found studies of advanced materials to simple examinations of 
beginning concepts about those same materials. 
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But the most important aspect of the readiness concept indicates 
the interrelatedness of learning and readiness. It is perfectly true 
that meaningful learning cannot occur until tlie child is ready. 
But it is also true that each bit of learning that occurs, each new 
fact, idea, concept, generalization, or skill helps produce readi- 
ness for future learnings. Tlje teacher does not sit around and 
wait for tire children to “get ready" and then, w'hen tlie time is 
finally ripe, teach the appropriate material. Rather, readiness 
can and must be brought on tiutmgh the activities of the school. 
Watching and noting the daily weather conditions in tlie first 
grade is a part of the preparation for studying weatiier in the 
third, fourth, or fifth grade. And these studies are a prelude to 
tlic studies of meteorology svhich the children will do later in 
high school and college. Looked at from the oilier point of view, 
the teacher who is going to vvork on a new unit svitb his class 
must go back and review w'liat the children liavo studied in re- 
lated topics and must work to bring about a readiness for new 
learnings. It is through sucli revie\ving and interrelating of new 
and old learnings tliat teachers bring about the sound use of Uie 
readiness theory. 

TRANSFER OF lEARNING 

Tliere are conditions which favor the transfer of learnings from 
school situations to oul-of-school situations. To ask why children 
go to school, to ask why a society spends a significant portion of 
its annual income on educatingits cliildren, is to ask tlie obvious. 
Cliildren are sent to school to learn how to cope witli tilings 
which they will meet in their lives outside of the classroom. In 
otlier words, it is hoped that tlie students will apply the skills, 
tlie mctliods, the ideas wliich they learn in class to the solution 
of problems which they encounter outside the classroom. This 
is certainly a prime assumption, if not the prime assumption, 
underlying all fomial education. And it is in this liglit tliat tlie 
present empliasis on an expanded science curriculum for ele- 
mentary schools must be viewed. 
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Tlie question of transfer of learnings and the conditions which 
Mill favor optimum transfer are therefore of vital importance to 
every teacher. Certain thin^ are known about transfer. For one 
thing, what is taught in the classroom is of great importance in 
dete rminin g how much transfer, if any, will take place. It was 
thought formerly that the function of school was to “exercise 
the mind.” But all of the experiments w'hich ware carried out to 
test tliis hypothesis indicated no sucli relationsliip. Next, it was 
thought that transfer needed to be “item for item.” But this too 
was unsound. In the first place, no one could teach all that 
needed to be tau^t. In the second place, much disagreement 
as to what needed to be taught prevented the establishment of 
satisfactory curricula. If children arc to develop into adults who 
will be competent to meet the multitude of problems associated 
with daily li\ing, education must be concerned with the appli« 
cability of school learning to the broader areas of the commun- 
ity, the nation, and the universe. 

It is generally recognized that positive transfer of learning from 
one situation to another is not an automatic process. The acqui- 
sition of knowledge and skiUs per se does not assure that this 
kncnvledge and these skills xvill be appropriately applied to new’ 
situations. Yet the fact is that many courses and many school 
programs are looked upon as hurdles to be >’aulted. Neither the 
students nor anyone else considers the transfer of the material 
of the course to real life situations. In such cases the course or 
topic becomes an end in itself. Transfer, in that kind of a situ- 
ation, means transfer of learnings to tests and final examinations 
and not necessarily to out-of-schooI situations. But this negates 
die prime assumption of the function of the school. It would 
seem more likely, therefore, that if students are to demonstrate 
effective application of school learnings to real life problems, 
teachers must deliberately teach for transfer to life situations. 

Transfer can occur more readily when students are helped to rec- 
ognize that facts learned in one rituation can be applied to other 
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situations. Tliere are many c.TampIcs of tlris kind of transfer. \Vhy 
shotdd anyone bother to ]eam matbcmatfcal informatfon except 
because it can be useful in belter understanding the environ- 
ment and dealing with it? But tills means that tlie teacher has a 
responsibility' for making this richer luidcrstanding come into 
the lives of his students througli mathematics. Or take tlie matter 
of science facts and tlicir implications. Water freezes at about 
thirly-hs'o degrees Fahrenheit. Tliis means that we drain the 
water from a car radiator and replace it with antl-freeze as cold 
weather approaches. Tlie fact requires action. Take anotlier fact; 
the temperature at which water boils is dependent upon atmos- 
pheric pressure os well as ficat. Water boils at one temperature 
In Chicago and another in Denver. Tills means tliat cooking and 
baking in Denver require quite different procedures tlian they 
do in Chicago. Only as {acts arc rehted, on the one hand, to 
what die learner already knows and, on the other hand, to the 
w'orld tliat he has around him is cITcctivo transfer of factual in- 
formation likely to take place. 

Tlio same is true in the case of principles and generalizations. 
Transfer can occur more readily when students arc helped to 
recognize Uiat die principles and generalizations they have 
learned in one situation can be applied to other situations. Again, 
the implications for leaching arc very important. Not only must 
the principles and generalizations be tauglit, but the cluldrcn 
must analyze similarities behvecn the problems they have en- 
countered in the classroom and die problems wlilch exist in real 
life, the solutions of wlu'di arc based on the principles studied. 
Tliis means that many examples must be used and that the 
children ha\’o ample opportunities to investigate fiuther appli- 
cations of a principle in real life situations. 

Consider a simple example. In 1783, a famous Swiss scientist, 
Daniel Bernoulli, WTOte a book called Jli/drodi/namfca. In it be 
established die major principle that when a fluid is made to move 
faster, die pressure which the fluid exerts is decreased. And con- 
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versely, when the fluid is made to move slowly, then the pres- 
sure which it can exert is increased. Stated more exactly, Ber- 
nouUis principle becomes: The pressure and velocity of a fluid 
are inversely related. Now, obviously, in this form it has very 
little meaning for elementary school children. But consider for 
a moment This is the principle used in the iteration of carbu- 
retors for automobiles. Derived from this principle are jet pumps 
for lifting u-ater, alomizere for q)niying sore throats or for spray- 
ing perfume, spray guns for painting, many a water pistol, and 
also insect spray guns. 

And, moreover, this principle accounts for the flight of airplanes. 
Air is a fluid (matter that flo%vs). It flows over the wings of the 
airplane. A quick look at the wing of a plane shows tl\at it has 
a special shape; the cur\'e of the uing is such that there is more 
area on the top of the wing than on the bottom. Furthermore, 
there is a slight slant of the wing toward the back of the plane 
and toward the lower side. Now consider what happens when air 
is swept across such a surface. In the first place, on the upper 
side, be(suse of tlie shape of the xving, the air must flow faster 
than it normally would. That means that the pressure on the top 
of the wing is reduced. But that is not all. Again the shape of 
the \ving and its position on the plane make the air on the lower 
side flmv more sIo^v]y and also deflect this lower air downward. 
Once more Bernoulli's principle comes into play. On the lower 
side of the wing, the pressure is increased. Thus, there is a de- 
crease in pressure on the upper side of the ^ving and an increase 
in pr^sure on the Imver side of the wing. Obviously, the re- 
sultant force is tremendous, enough so that planes weighing 
thousands of pounds can rise from the ground and stay in the 
air as long as the ^ around them is moved across their wings. 
How important it is that children leam the whole of a principle 
and the multitude of its applications! 

How’ever, it is quite important that children have enough varied 
examples of the applications of a principle so that they do not 
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confuse tlie examples with the principle itself. The salient thing 
is that each student see, to the best of his ability, what the 
fundamental principle is and how tliis principle is applied in a 
variety of situations to solve many problems. This is a slow, a 
hard process. But it is worth doing. 

Transfer can occur more readily when students recognize that 
skills and tecliniques learned in one situation can be applied to 
other situations. Learning about weather forecasting and weather- 
map reading in school can be used for understanding weather 
maps and weather reports that appear in newspapers, or are 
heard over the radio, or are seen on television. But there are 
other less direct and less obvious relationships to be established. 
Techniques of measuring learned in a science lesson can be ap- 
plied to all maimer of tasks wliicb need to be performed in life 
situations. Learning to read a llieimometer can be useful later 
In dealing clinical thermometers or cooking thennometeis. 
Skills learned in tlie use of scienUfic instruments can be trans- 
ferred to the use of any delicate instruments, such as cameras 
or binoculan. 

And, most important of all, the ways of searching out, express- 
ing, and solving problems tlirough rational means can be trans- 
ferred to many of life's problems if the principles of problem 
solving are tauglit and if there is a continuous and conscious 
effort to teach rational problem soKing and to find applications 
of such problem-soUing techniques to real life situations. 

GROUP LEARNING 

Somn. indi-vdduaL needs can. be satisfied best as tlie child works 
witJi an entire class ^oup. In recent years, the plea of many 
educators has been for attention to the individual and liis needs. 
That tliis is important cannot be denied. Needs are different for 
each individual, patterns of gtowdi and development are imique. 
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Each learns at his o%va rate and each learns what fits into his 
own baclcground and set of experiences. Each individual also 
leams what he is likely to need in the immediate future. But 
these truisms have been distorted and false conclusions have 
been reached by many svho argue that, except for the fantastic 
cost of such a venture, the best land of education calls for an 
individual tutor for each child. Thus, from this point of vimv, 
maximum education comes as each child studies with his owm 
private tutor. But this is an unsound interpretation of the theory 
of individual needs and individual progress. The fact of the mat- 
ter is that even were it possible to have individual instruction for 
each child, there would be many occasions when group instruc- 
tion would be more effective and more desirable. These situ- 
ations are quite numerous with science instruction. 

The v’alue of the group as an educational tool lies in tlie fact that 
it is an additional >vay to develop and enhance the individual. 
The class is much more than merely an administrative de\’ice for 
conveniently classifj'ing children. The class allows for group 
learning. Only in recent years have educators become fully aware 
of and concerned \rith the use of the group for teaching pur- 
poses. How^ever, group learning is an old de\'ice. Americas tra- 
ditional "town meeting” was a good example of such a group. 
All the people of a community came together to solve mutual 
problems, to share ideas, to modify eacb others vimv points. 
Employment of this technique in education allows teachers to 
use the interactions of children >vith their peers as a teaching 
derice. 

Development of the individual results as he interacts with his 
environment. In general, the broader the enwonment, the 
greater the developmenL But there are llnuts in the extent to 
which the individual’s environment can be broadened. Tbe key 
to the situation is the extent to which the individual can “inter- 
act” with an environment Too large a group makes it impossible 
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for the individual to interact Such an oversized group becomes 
merely a collection of individuals or a set of small and often un- 
related sub-groups. No one yet Icnmt's wliat the "right” size group 
is. In fact, it seems lihely that it varies from group to group de- 
pending on their purposes. But it is Icoown that twenty-two to 
twenty-eight youngsters working together in a classroom group 
not only can leam wthout toterfering >vifh each other, they can 
be positively helpful to each other. 

Tliero are several ways in which children learn in a group situ- 
ation. In tlie first place, problem solving can and often should 
be a group process- Under the leadership of tlje teacher, the 
children can pool their ideas on a problem. They bring to a prob- 
lem information and ideas from many points of view and many 
angles, each contributing ideas from Iiis o\vn background. Then 
too there is the matter of drawing inferences from the material 
that has been presented. One cliild’s ideas lead anoUier child to 
see beyond what he would Itave seen had he not been in the 
group. Even those who only seem to listen and rarely actively 
contribute to the group have much more chance to leam as they 
are included in a group program. And, when it comes to the ap- 
plication of principles, to presenting examples of how the solu- 
tion of the problem under consideration may be used in life situ- 
ations, a well-knit group can be very effective in giving the indi- 
viduals many Ideas tliat they can use. 

Over and over again science impinges on the social scene in 
various ways. Social questions of tremendous importance are 
raised by its activities and outcomes. Each citizen in America 
needs to establish values and to delcnnine Ills position with re- 
gard to these questions. And an important function of the group 
is to help the individual examine, clarify, and establish these 
values. Different people have differing ideas and interpretations 
of how science should be used, and of what is "good” and what 
is “bad.” Two important developments can come from group 
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examinations of these value judgments. First, children can bring 
their o^vn sets of values into scrutiny. They can enlarge and ex- 
pand their own points of view. Second, and erjually important, 
children can learn how others think and feel. Even thougli they 
may not change their o\vn viewpoints, they can learn to accept 
the fact that there are many ways of viewing a problem and its 
social consequence and that so long as these ways do not infringe 
upon the basic tenets of American democracy each person has a 
right to his viewpoint and the actions which derive from such a 
set of values. 

Finally, there is the matter of communication. Fundamental to 
all human interaction is the business of communicating— talking, 
listening, reading, writing. Here, again, both science materials 
and group teaching can be effectively combined, and from the 
combination the individual children can profit greatly. Not only 
can they learn more science but they can learn to communicate 
with a much wider group In a classroom situation. They can 
learn to listen to many people, to weigh and evaluate what peo- 
ple say, to make contributions to the thinking of the group, to 
say what they have to say so that all can undentand. In short, 
the group setting is much more effective for learning to com- 
municate than is the one-to-one relationship of the tutorial lesson. 

Group instruction then is not merely a poor but economical 
method of replacing individual tutoring. Rather, group instruc- 
tion is one more tool in the teacher’s storehouse of educational 
techniques, a technique which uses children’s inherent charac- 
teristics of gregariousness and curiosity to help them develop and 
grow as rational, contributing individuals and citizens. But this 
sort of development does not come automatically when children 
are put together in classrooms. Instead the teacher has certain 
tasks to perform if group instruction is to be a positive force in 
the education of children. Rrst, he considers the various objec- 
tives which he wshes to reach. Sometimes his class works to- 
gether as a single unit Sometimes he has the children working 
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in sub-groups of varying sizes of anywhere from two children to 
ten or more children. At times, the sub-groups are brou^t to- 
gether for special academic work or for special corrective work. 
At otlier times, the groups come togetlier because of social or 
emotional needs. But no matter whether the group is sub-divided 
or whether it works as a whole, the tocher will do the following 
kinds of tilin gs. 

Tlie teacher guides the discussion; he brings in information 
where necessary; he helps the cliildren generalize from their 
data; he helps them see how these generalizations may be applied 
in many situations; he raises new problems growing out of the 
completed work and leads the children into finding new prob- 
lems. In short, group instruction is much more than “teacher 
telling" and "children listening"; it is the teacher leading the 
group to build a whole, a unified picture of the ideas being 
studied. 


Summery 

As >vith almost no other area of the cuniculum, science maleriab 
offer the teacher opportunities to capitalize on the many develop- 
mental phenomena which have been discovered about children. Just 
note. Tlie child is an explorer; science gives him a chance to e^lore. 
The child is a problem solver; a science program can and should be 
built around opportunil/es to solve problems. The child is a searcher 
after himself and his world; science programs should demand that be 
find and make rational decisions about his world. The child is a social 
being; n science program provides opportunities for him to ^vorlc with 
his jwers in a ^ve-and-take situation where he brings his ideas to the 
group and where bo tok^ ideas from the group. 

We must apply what is knmvn about the way in wlilch children grow, 
mentally and emotionally as well as physically; what is known abont 
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readiness (or learnings and about optimum times (or teaching; what 
is Imown about transfer of learnings from one situation to another; 
and what is kno^vIl about group learning. All of these theories, and 
principles, and facts can be onployed and exploited in an elementary 
school sdence program. Eadi of these sets of ideas provides the 
teacher \vith a series of roles that he must play. Sometimes he pro- 
vides information for his students; sometimes he leads the group in 
synthesixing its ideas; sometimes he hdps individual children; some- 
times he works Vrith the whole group. An understanding of the nature 
of the child and the applicatioD of this understanding can be used to 
set up practical and operative dassroom programs in sdence. 
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2. You miul tcofk fast to see that the flame goes out 
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m PLANNING AN ELEMENTARY 
SCIENCE PROGRAM 


Twn key to any kind of teaching, and certainly to 
science teaching, is planning. Of course, objectives and 
goals are essential. So is on understanding of Uie develop* 
mental characteristics of children. But tlicse will remain 
abstractions until science materials have been carefully 
inter\voven \vith tliem to build specific plans. This chapter 
considers the planning of a science program. Three 
phases of planning will be discussed: first, the over-all 
school plan and its related grade programs; second, the 
plan of a specific unit in science and the relationship of its 
subject matter to tlie over-all goab; third, the daily 
lesson plan and its part in implementing the science unit 
and in building tlie total program. 

During the past tliirty years, as science found a place in 
the elementary school curriculum, more often than not the 
program was left in the lunds of tlie individual teachers. 
Consequently, the program was haphazard and 
disorganized. If the teachers in a given school happened 
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to be oriented towards electricity, a child might learn at several 
grade levels to connect an electric bell so that it rings. All too 
frequently, however, the teachers had little interest in or informa- 
tion about science. In this case, the student might find himself 
Umiled year after year to pressing and mounting the beautiful 
leaves of autumn. Without over-all school planning, the material 
of the curriculum often was determined solely on the basis of a 
teachers likes and dislikes. 

But tlie situation is fast changing. The teacher going into a school 
today is likely to find a science curriculum that is being de- 
veloped for the entire school. Perhaps the teacher will be caDed 
on to help in the continuing development and evaluation of exist- 
ing programs. In any event, whether lie is called on to help build 
a new science program, or to examine, evaluate, and revise an 
existing one, he wiW need to know what goals should be estab- 
lished for the over-all program. Tliere are three such goals for 
elementary school science. 


OVER-AIL GOALS 

IN ELEMENTARY SCHOOL SCIENCE 


Coal I. The elementary science program must help the in- 
dividual de%'clop increasing ability to understand and deal 
witli his natural environment. 

Tims, as the cliild works in sdence, he learns to extend his view 
of Ids environment, to observe more of the details, and to see new 
relationships among tlie things around Iiim. He learns to explore 
and understand the phenomena of nature and of the man-made 
enrironment. He uses all his senses to learn more of what is 
around liim. And the teacher helps him to fit wliat he sees and 
feels and smells and hears into an organized and unified whole. 
Occasionally he vvill be introduced to instruments whicli ^^’ill 
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help him extend Ills horizons even furtlier. Tlius, as he uses the 
magnifying glass or the microscope or the telescope, his vision 
is extended into new worlds. 

Coal If. The elementary science propam must help the in- 
dividual understand the methods, techniques, and attitudes of 
sdcncc so that lie may develop a more rational approach to 
the solution of his cunent and future problems. 

Children arc problem solvers. Elementary science offers one of 
the best media tliiough which this problem solving ability can be 
cultivated and tatended. As children grow, tbeir interests extend 
from tlie immediate to the more remote. As they mature, their 
ability to do abstract reasoning develops. In boUi of these de- 
velopmental areas, science can be used to help cliildren. The 
tools of science can be used as important educational methods 
tlirough wluch children’s growlli In tlicsc two areas can be en- 
couraged. Mathematics and logic as well as tlie physical tools of 
science must be built into tlic science program in such a way as 
to encourage the extension of the ability to use abstract ideas. 

Go.al hi. TIjo elementary sdenco pro^m must help the 
individual recognize the interrelationship of sdence with all 
other human experiences. 

Since the sodely in whitdi we live is a whole and interrelated 
one, almost every social question has its scientific components. 
Many political questions have scientific aspects, and the per- 
sonal problems of each individual are interwoven with science 
questions which each one must answer if he is to live more effec- 
tively in today’s Avorld. Thus, the general curriculum, as well as 
the specific science cturiculum, must help the children find and 
understand the interrelationsliips which exist betw'een science 
information and concepts on the one hand, and social, personal, 
and cultural information on the other. 
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MAJOR SCIENCE GENERALIZATIONS 

In order to translate these general goals into a definite curricu- 
lum pattern, the body of science information must be broken 
down into broad areas which may then be used as the bases for 
the curriculum. In other words, there can be no science teaching 
Nvitliout science. However, it is not the function of the elemen- 
tary school to teach the organized disciplines of biology or chem- 
istry or physics or astronomy. Rather, the broad generalizations 
which have grown from these disciplines must form the base of 
the elementary program. There are a number of ways in wliich 
these generalizations can be stated. No matter how they are 
stated, the list %vill in some way include tlie foUowingj 

1 . There are many kinds of living things and diey are inter- 
dependent. 

2. There are many fonns of energy which can be changed 
from one to another, but most of tbe energy which men use is 
derived from the sun. 

3. The earth is a small part of a vast universe containing 
other planets, stars, and astral bodies. 

4. The earth's story, its history and current condition, can be 
read from its rocks, soils, and waters. 

5. Living things are dependent upon the earth and its at- 
mosphere and the sun for their food, their shelter, and their 
very lives. 

6. Men have learned how to use natural forces, both chemical 
and physical, to make their ^vork easier. 

7. Men must use their knowledge of science to keep tliem- 
selves healthy and to improve society. 

Generalizations such as these are tite end results of the efforts 
of men of science over many centuries. These are a part of our 
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need to revolve around the earth as the earth revolved around 
the sun. And, of couKe, the children would want to put tlie 
man-made satellites into orbit around the earth also. Tilings 
would get quite crowded at the center of the field. ^Vhy not 
move the cliUdren further apart? ^Vhy not let one foot equal 
10,000,000 miles? That would relieve the congestion. 

Here is the Icey point If one foot equals 10,000,000 miles, then 
the child who is to represent the planet Saturn would have to 
be about ninety feet from the center of the field and would have 
to walk in a circle wth a ninety-foot mdlus. (It must be made 
clear that the orbit of a planet is really an ellipse.) The one who 
represents Tluto would need to be about 370 feet from the center 
(the sun) and would Itave to walk in a circle with a radius of 
370 feet. The field just would not be big enougli. If the planet 
Mercury were represented as 3!* feet from the sun, then to get 
the whole solar system laid out in proportion would take a field 
four or five times the size of a football field! And even if tlie 
smaller scale is used (one foot equal to 30,000,000 miles), tlie 
model solar system barely fits onto the football field. Experiences 
of this kind can make children understand something of the 
meaning of vast. The children who have had the opportunity to 
represent the planet Pluto will remember for a long time the 
distance and loneliness of space. 

S imit a r activities with sizes need to be experienced. If the earth 
is represented by a tennis ball, then the sun would be a ball of 
such a size that it would just fit into a room about fifteen feet high, 
about the height of a school cafeteria. Of course, no one could 
get such a big ball for school use. Trying it the other way around, 
suppose the sun is represented by a big plastic beach ball about 
two feet in d ia meter, then how large would the earth be in order 
to be the correct proportional size? It would be represented by 
a ball about the size of a large pea. And, while Venus could be 
about the same size. Mercury and Mars would be only about 
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half the size of the pea— perhaps the size of a small bead or BB 
shot. It is this sort of thing that we must plan to do with con- 
cepts. They must become more than mere words. They must 
become realities for the duWren. Words like “light year,” 
“planet,” “asteroid,” “satellite” “star,” "galaxy"— all of them need 
the most concrete kinds of experiences tliat tlie teaclier can plan. 
These actual experiences must be the foundation of the abstract 
concepts of the units about the vast universe. 

This gives a basis for planning for the grades. It is not that one 
grade studies planets and another studies stars and a tliird studies 
galaxies. Rather each grade works on the concepts which are 
appropriate for the children in that grade. Third graders do not 
seem ready to comprehend the huge numbers involved in work- 
ing witli stellar distances. Nor arc they particularly interested 
in suclt distances. This is no immediate problem for them. Fiftli 
or slxtli graders, on the other hand, can understand such num- 
bers. Tlien, while a class might study about stars in a tl)ird grade, 
they would not study about distances to the stars. They would 
be more likely to find out about our o^vn star, the sun. Or they 
would learn about tike constellations which the stars fonn and 
where to find tliem in the heavens. They would make drawings 
of the constellations and star charts. Tlieir visit to tlie planetar- 
ium would have a different purpose tlkan that of a sixth grade. 
TJie younger children mJgJkt go te see “The Stare of the Winter 
Sky,” while tlie older cliildren might be concerned with the 
seasonal positions of die earth with relation to tlie sun. Each 
group would go for entirely different reasons and to crystallize 
entirely different generalizations, eadi set suited to the needs 
of the given children. 

The same approach applies to tlie expansion of all of the basic 
generalizations. If a class is learning about the interrelationship 
of living things, tlie cliildren can leam it with grasshoppers or 
with ants or vrith flies or with moths. It is not the insect or animal 
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that is the prime factor, it is the concept “There are many kinds 
of living things and they are interdependent,” tirat must be firmly 
fixed in the child's mind. Tlie importance of the plants or insects 
or animals that axe studied lifs in the fact that tliey give sub- 
stance and meaning to the concept which is being learned. TIius, 
the ant is never the core of a unit for a given grade. The core 
is a concept. In a lower grade it could be “Some Animals Live 
in. Communities.” In an. upper ^ade it could be “Man is Affected 
by Insects.” In either case, the ant could be used to build the 
desired thesis without undue repetition of factual information. 
The examples which explain the concepts come from whatever 
body of information is appropriate. The concepts themselves are 
carefully fitted to the maturity levels of the children. 

If only specific science information was assigned to given grades 
in the elementary school, then the goals and objectives of the 
elementaiy science program would be lost. The science that is 
taught in the elementary school cannot be broken down into its 
many subdivisions such as histology and embryology and 
cytology. Bather these materials must be brought into a unified 
whole. Over the course of the years of the elementary school, 
tlie child needs to gain those understandings of his physical en- 
vironment which are necessary for self-realization and appro- 
priate patterns of behavior. 


CRITERIA FOR GRADE PLACEMENT 
OF SCIENCE MATERIALS 

\Vbat criteria can be established in order that children may 
achieve he over-all gpals for elementary science t bmngh the 
mastery of these generalizations? In the first place, it is clear 
that the material of science must be arranged, in so far as pos- 
sible, from the simpler to the more complex. Ideas concerning 
simple electric currents must come before children study about 
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transfonners or rJicostals. W])dt a magnet caji do sJjould come 
before cliildrcn study clectroniagneti and the magnetic fields 
of generators or motors. Thus, Uie sub-topics which are developed 
under any one of tJje major science generalizations must be 
analyzed and arranged in order of difficulty before tliey are 
placed in the grades. Of necessity, there will be room for ques- 
tion. \Vliat is easy for one person is hard for another and vice 
versa. This does not mean tltat there should be no attempt at 
grade placement. On the contraiy. it means that tliere should be 
enough latitude in placement so Unit materials developed for 
a given grade are, none the less, suitable for the wide range of 
enviromncntal experiences to be found at that level. 

Then tliere is tlie matter of tlie developmental characteristics of 
cliildrcn and of current theories of learning. There is a great 
store of informadon witli regard to Uie ways in wliich people 
learn whicli must be used when science materiab ore placed at 
one grade or another. It is known, for e-nunple, that younger 
children Icam and understand things more readily when they 
are provided witli many firsthand, concrete experiences. Older 
children, on the other hand, can grasp abstract concepts wliich 
arc quite inappropriate for die early grades. Older children can 
understand things of the post and can difieientiate between the 
immediate past and die long past Ideas involving concepts of 
time and space become easier for children to understand as 
they mature. 

Furdiermore, the principles whicli Iiave grown out of the work 
in Gestalt psychology should be used for die sound placement 
of saence materials. People leam more effectively if they can see 
the whole of wiiaf they are to leant This phenomenon seems ap- 
plicable both with younger children and with older ones, as 
well as with adults. Thus, in all work, whether it be with con- 
crete firsdiand experiences for the very young children or with 
abstractions presented to older children, there should be a unified 
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or wliole picture wliich is understandable and clear to tlie 
learners. 

In addition to tliese principles, there is also the information 
available about centers of interest at various age levels. Tliis 
knowledge of interests is especially important in establishing 
starling points for tlic units of work which arc assigned to dif- 
ferent ^adcs. For example, many six- and scvcn-year-olds seem 
to show great interest in animals and llicir young. Tliis is quite 
understandable. In our culture, children often have pels, and 
stories \vritten for cliildrcn often revolve around animals. This 
land of experience is common to most childrcm In like manner, 
ten- and eleven-year-olds often arc more interested than younger 
clUldrcn in tiio human body and how It works. Tliis interest, too, 
is derived from their cultural experiences. All such information 
should be considered when planning for tlio grade placement of 
materials in Uio building of a science curriculum. On the other 
hand, it is well to remember that cliildrcn’s interests vary from 
day to day, from child to cliild, and from community to com- 
munity. Suclt \'ariations are to be expected since interests are 
culturally determined and not genetic in origin. Furtlicrroore, 
one of the important functions of a teacher is to help cliildren 
develop new interests. Thus, while tlie curriculum must take 
into account the interests of the children, such interests cannot 
be the sole criterion. 

Finally, tliere are those principles derived from what is known 
about the problems and needs of children at various age levels. 
Teachers cannot escape from tlieir responsibility to present to 
cliildren new and fresh experiences which will widen their hori- 
zons and make them aware of Uieit own growing needs. The 
teadiers must choose at a given level those areas of study which 
they feel will serv'e children best in this technical society. 

Clearly all the criteria for grade placement of materials are inter- 
related. Childrens interests are related to society’s demands. 
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Tlio presentation of science material from simple to complex is 
related to the development of tlie child’s ability to do abstract 
reasoning. Tliis intcrrelationslup means that while tliere is no 
absolute way of determining the exact grade placement of 
science materials, a frame of reference can be established based 
on these criteria. Upon tins frame of reference, the scope and 
sequence of tire science program may be built, and each teacher 
con make specific plans. Knowing what his class has done in pro* 
vious years and knowing the general curriculum pattern allows 
the teacher to build Iiis class’s science program so tliat it fits into 
llie Q\’er-all school program. 

The use of such a frame of reference in the building of a science 
curriculum will result in the assignment and reasonable division 
of the science materials tlirougbout the school. But tins division 
must not becoure a straight jacket Butterflies must not become 
"fourth'gradc insects.” Ratiier, it becomes incumbent upon the 
teacher, each teacher, to study what lias gone before in science, 
to know approximately wliat is to come, and to build his own 
program on the basis of this information and wliat he knows 
about his own particular cluldrcn and their needs for the year. 
Insofar as each teaclier provides such a program for eacli group, 
for eacl) cliild, a curriculum guide serv'cs its purpose. 

Tlie criteria for placement can be stated simply os follows: 

Eadi major generalization includes many basic concepts. Hie 
simpler and inora concrete concepts should be taught in die 
primary grades. Tlie more complc.’t and more abstract con- 
cepts should be taught to diildren in the intermediate and 
upper grades. 

^Vllat is knoivn about develc^mental diaracteristics of chil- 
dren and about learning theories should be a determining fac- 
tor in die placement of science materials. 

The information that has been gathered about centers of 
interest for various age levels sbonld bo a determining fac- 
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tor in the placement of science nmterials in the curriculum. 
These centers of interest can provide excellent starting points 
for the various science units. 

The problems and needs of the children as well as those of the 
expanding society in which they live are necessary guides in 
the development of a science curriculum. 


PLANNING 
A SCIENCE UNIT 

Now the individual unit can be plannedi It should be con- 
structed so tliat it win contribute to the attainment of the over- 
all goals of elementary school science; so that it will be 
concerned with some pliase or phases of one of the major gen- 
eralizations; and so that it will conform to the criteria for grade 
placement of science materials. It necessarily includes con* 
comitant learnings and becomes a balanced part of the curriculum. 
To see how this is don^ a sixth grade unit on ‘'Microbes and 
Men" will be discussed. Tlus unit is a phase of the generalization 
“Men must use their knowledge of science to keep themselves 
healthy and to improve society." 


JUSTIFYING 
THE UNIT 

There are many areas Ural could be chosen for effective science 
units for sixth grades. Why should one be chosen rather than 
another? Planning requires tlrat the teacher think through his 
reasons for making selections, and tlus needs to be done in the 
light of the four criteria which have been established. Why 
choose “Microbes and Men”? Sixth graders are about eleven 
years old. Of course, they are interested in themselves. All of us 
are from the time we are bom. The “Men" part of the unit fits 
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very well. But tlie “Microbes’* part is important because of tlie 
experiences that the children have had. Experiences are deter- 
minants of interests. In our culture children have had many expe- 
riences which have led tliem to some awareness of microbes. 
Modiers liave ordered clean hands; antiseptics have washed 
tlieir cuts; “shots" have protected them from many diseases; they 
liave all had c.xperiences with doctors and \vith medicine; many 
have been in hospitals and have had operations; almost all have 
been exposed to discussions and considerations of these matters 
tlirougli television and radio. From tliesc many experiences 
comes a desire to know more about micro-organisms. 

The interest in micro-organisms tlrat tlio children have developed 
in (ho course of five or six years of school will depend upon (heir 
experiences; the more varied Ureir experiences, the mwe varied 
will be tiro interests. Tliis means, of course, tlrat second graders 
will also be interested in micnM>rganisms. After all, they too 
have been illlcd \^'itb shots from the time that they were Imhi— 
vaccinations, tetanus anti-toxins, Salk shots, and half a dozen 
others. So experience alone is not enouglr of a base for placing 
llie material. But tliese eleven-year-olds have some things which 
tliey did not have at seven. They have, first, tlie mental maturity 
to work rvitli the abstractions that are involved in studying 
micrD-organlsms. They can imdcrstand microscopic sizes. They 
can make the necessary analo^es between Uiese forms of life and 
other forms which are larger and more easily studied. They can 
tliink in terms of die vast numbers of these organisms, and they 
can be helped to see how these organisms can be used or 
destroyed. 

Furtlieimore, there is another reason for placing tliis unit at the 
sixdi grade level. Now the children con learn to use a micro- 
scope. Now they really can see what is in the field of a micro- 
scope or on die screen of a micro-projector. They can prepare 
simple culture media and can work with slides of bodi living 
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and nonliving materials. In other words, the work whicli the 
children did when they were clglit and nine years old, wlicn 
they tried out microscopes and lookcti through them at news- 
print or feathers or hairs or onion-skin cells, is now bearing 
fmil. The children have the physical capacity and the manual 
dexterity to work wth the materials needed to caiT>’ on this unit, 
and Utcy can attain new and more nutiiro levels of understand- 
ing through their furtlicr use. So tlio unit is placed. 

STATING 
THE OBJEaiVES 

In this unit, as in most elementary science units, all three of the 
over-all goals can bo brou^it into focus. There is material in 
the study of micro-organisms which can help each child develop 
increasing ability to undentand and deal witlr his natural cn« 
viromnent There is material which can aid liim develop more 
rational approaches to the solutions of his problems. Ccrtainly> 
there is material in tlus unit whicli can point up for him the 
interrelationship of science with other human experiences. How- 
ci'cr, it is necessary to state die immediate objectives so U>at 
they are spcciQc and exact ratlicr tiiau broad and general. Tlic 
objectives must be stated so Uiat die desired outcomes arc attain- 
able and measurable. Tlic objectives arc the “what” of the unit; 
they tell what is to be strived for, and Uicy should tell it in 
clear and precise (enns. 

The immediate objectives of die imit need not be defined in 
terms of all of the over-all goals. Any immediate objective can 
work toward tlic satisfaction of one, two, or perhaps even Uiree 
of tliese goals. Tlius, a statement of one of die objcclii’es for diis 
unit might be: 

To help the children develop an understanding of some of 
the conditions necessary {or dm life of micro-organisms. 
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If this objective is attained, then dearly the children will have 
greater ability to understand and deal with their natural environ- 
ment (Goal I). As the children study the conditions necessary 
for tlie life of micro-organisms, they discover new worlds. 
Furtliermore, since the growth of micro-organisms lends itself 
to many experiments which the children can set up and per- 
form, they can learn more about rational approaches to the 
solution of problems (Goal II). With such questions as, ^Vhat 
do these organisms eat? At what temperatures do they grow, 
best? What does light do to them? What does water do to them? 
the children not only set up real problems but they can 
find some answers for themselves. This is tlie way in which tliey 
can leam to be rational. Certainly, tlien, the first and second 
over-all goals will be partially satisfied as tins specific objective 
of the unit is met. Otlier objectives of the unit will satisfy tlie 
goal of pointing up the interrelationship of science with other 
human experiences (Coal III). 

Here is a typical list of objectives and related goals for a unit 
such as tills: 

To help the children develcp an understanding of the con- 
ditions necessary for the life of micro-organisms. (Goals I, il.) 

To help the children develop an understanding of some of 
the ways in which men control and use micro-organisms. 

(Goals I, U, m.) 

To help the children leam simple laboratory techniques with 
whicli they can grow and prepare micro-organisms for ob- 
servation and study. ( Goal L) 

To help the children leara to use a microscope and a micro- 
projector. (Goal I.) 

To help the children develop an understanding of the methods 
and contributions of leading scientists of the past and present 
who luve worked in the study of micro-organisms. (Goals 

n,ui.) 
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METHODS, /AATERIALS, 

AND AaiVlTIES 

Now comes the “how" of the unit. Each objective, if it is to be 
attained, must be tliought tlirough in tenns of a wde variety 
of specific activities. Each child must have a chance to study in 
such a way as to help him grow toward the stated goal. Consider 
the first objective: 

To help the children develop an understanding of some of 
the conditions necessary for the life of mioro-organisms. 

The key word here is “understanding." To understand means 
to appreliend the meaning of, to apply intelligence to, to render 
judgment on, to be expert with. This kind of development comes 
from a variety of experiences. Tlie very nature of “apprehending" 
implies many experiences of a sensory character. Thus, the teach- 
ing and learning situation must be planned to allow for a wide 
range of experiences. 

How does a child learn? New learnings take place as old knowl- 
edge is fitted together vrith new facts and experiences to form 
new and more comprehensive patterns. So the first thing that 
must be done is to review. The children must be helped to find 
their common understandings, to call to mind the information 
wliich tliey already have about a given topic. Tliis review can 
take many forms but it is most useful when it is a sliared 
experience and when all of the children in tire group have a part 
in establishing a starting point for new learnings. 

Once the review has been completed, the teacher sets up situa- 
tions in which the children can liave firsthand experiences from 
which they can “develop an understanding of some of the con- 
ditions necessary for the life of micro-organisms.” Learning is 
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an active, not a passive process, and each learner must engage 
in it himself. Tlie teacher sets the stage by providing eaclx 
learner witJi opportunities to do lus wvn problem solving. Plan- 
ning activities to allow the children to develop understandings 
in tills case means planning activities which will allow each child: 

1. To prepare a variety of media (normal salt, hay. Ringer's, 
eta) in which they may attempt to grow protozoa. 

2. To prepare a variety of agar culture media and attempt to 
grow bacterial colonies. 

3. To design and try to carry out some controlled experiments 
on tliQ factors which encourage or retard the growth of bac- 
terial cultures. (Example: \VIiat is the effect of direct sun- 
light on the growth of bacterial colonies?) 

4. To SCO ho%v healtli department and hospital laboratories 
grow micro-organism cultures. 

5. To hear about the conditiems whidi are necessary for the 
life of micro-orgaiusms both from the reports which other 
children give on tho information tliey have gathered and from 
experts in the community. 

Each of tltese activities will take some time. And each will 
require its own special metliods and materials. Hie first set of 
activities con be planned so tliat every child lias an oppor- 
tunity to grow Izis own protozoic cultures. Here are some of tlie 
questions wliich may arise as they work in this area: How can 
protozoa be groivn in tlie classroom? Will they grow in tap 
water? Will they grow in pond water or swamp water? Will they 
grow in distilled water? In shorty the children need a chance 
to study and try out various media for groiving tlicse cultures 
of minute organisms. But it is not the growing of the organisms 
per se that is important The important factor is tlie knowledge 
and understanding of fundamental concepts relating to die 
growth of common protozoa which tho cliildren gain from ex- 
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perimenting and from reference work. These organisms need 
certain lands of aqueous solutions in order to have optimum 
growdi. They will not live long or grow well in distilled water. 
On the other hand, given some simple salt solutions, these 
organisms can be cultured quite effectively. Tlie children need 
to find these things out and, from their experiences, build the 
major generalizations that . . living tilings are interdepend- 
ent ...” and “ . . . are dependent upon the earth and its atmos- 
phere for their very lives.” This is the basic reason for this activity. 

Of course if the children, ate to carry on these kinds of activities, 
the teacher must make the necessary materials available to the 
class. If certain salts are required for the preparation of media, 
tile teacher should liave those salts on hand. If balances and 
weiglits are necessary, they should be provided. Of course there 
should be reference books which the children can use and books 
for tlie teacher’s use. All this is part of planning for the unit. 
Each of the activities must be planned in this way. The experi- 
ments wliicli the cliildren do should be simple enough so tliat 
they can be performed both in a comparatively short time and 
with a comparatively limited background of information. 

The obvious way to see how laboratories grow micro-organisms 
(activity 4) is to visit a hospital or health department laboratory. 
Here again planning is important The people at the laboratory 
have to understand in advance what the purpose of the trip is. 
They should know that the children are coming to learn about 
how micro-organisms are grown in the laboratory so that they 
focus their explanations on tlie problems which are of concern 
to the class. The trip should be planned so tliat the children can 
see tliat tlie things wliich they are doing in the classroom are 
basically tlie same as tliose lliat are carried on in the laboratory 
and tliat the laboratory work is only a more controlled, more 
accurate, and more complex operation. If a trip is impossible, 
then a film can help the children gain this understanding. 
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As a result of these learning eJ 5 >eriences, the children will 
develop a group of generalizations or concepts. From the above 
activities, some of the generalizations derived might be: 

Some miaoscopic nnimali! and plants grow well in pond 
water. 

These animals and plants do not live very well in distilled 
water. 

Certain salt solutions foster the growth of micro-organisms. 

Iheie are many lands of soIuUons in which these micro- 
organisms do not grow. 

These organisms need food in order to live and grow. 

As the children develop these concepts and many more, they 
are learning a phase of the major generalizations “There are 
many kinds of living things and they are interdependent” and 
"Living things are dependent upon the earth and its atmosphere 
for their veiy lives.” They are coming to understand some of the 
conditions necessary for the life of micro-organisms. In other 
words, tliey are achieving tire objective which has been estab- 
lished. One important way of measuring whether or not the 
cliildren have met tlie objective is to note how well they are able 
to formulate sucli concepts. 

Each of the objectives of the unit roust be so considered. Just as 
the first objective ^vas outlined and a series of activities and 
related methods and materials were planned, so each of the 
other objectives must be examined and organized. Take, for 
example, objective 4; “To help tlie children leam to use a micro- 
scope.” The development of ihis skill requires several things. 
First, tliere must be microscopes available. They do not need to 
be ejq)ensive instruments such as are found in college or pro- 
fessional laboratories, but they must be good enough to show 
some of these simple nnimnls and plants in fair detail. These 
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instruments have been used by tlie cliildren before their 
work on this unit, but they >vill need to review tlie use of tlie 
instruments and tliey \vill need time to develop die techniques 
for observing living materials. Furthermore, good planning will 
require that the teacher find ways of showing the children the 
kinds of diings which they may expect to see under die micro- 
scope. Perhaps he will plan to do tliis wiUi a micro-projector, 
first showing them a slide of living materials on the screen, and 
then having them look for similar diings on the slides under 
their own microscopes. If there is no micro-projector availably 
the teacher will procure cliarts and pictures wliich can be used 
to show the cliildren what they might expect to find. In any 
event, developing the skill of using a microscope takes time and 
should not be hurried. 

The last objective, “To help the children develop an under- 
standing of some of the mcdiods and contributions of leading 
scientists of the past and present who have worked in die study 
of micro-organisms,” poses entirely different problems from those 
presented by cither the first or the fourth objective. ^VhiIe 
“understanding” is a^in the key word, here there is a need for 
a different kind of understanding. In this case, the children will 
need to do reference work. All of our present day knowledge 
in science and, for that matter, in all other areas is built upon 
what was learned in the past. And all of the future must be 
built upon the present and the past. So our children must be 
helped to explore the past and see its close relationship to the 
present and the future. This is no simple task. In the first place, 
methods which scientists use vary from Tnnn to man. Secondly, 
men failed more often than they succeeded. The greatness of 
science and of scientists lies not so much in the wonderful thin gs 
that they found, hut rather in the awesome handicaps and ter- 
rible odds that they overcame in order to find new truths. For 
too long, we have led people to believe that science was simply 
a matter of paying attention to one’s work and doing some 
studying. Progress in science comes from the slow winnowing 
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of a few tiny kernels of ideas from the chaff of mistakes, wrong 
leads, and failures. The man who is a scientist is the man who 
has the infinite patience to go on, time and again, after the 
failure of one and then another or a third or a fourth or a hun* 
dredtli or, as in the case of Ehrlich, the six himdred fiftli idea 
until finally he comes up with "606"! 

To learn about the acluevements of such men as van Leeuwen* 
hoek, Pasteur, Ehrlich, Lister, Walcsman, and Salk requires that 
the children have sources h'om wliidi they can gather pertinent 
information. The teacher must, therefore, explore the availabih'ty 
of materials in the scliool or town library to make sure there are 
sufficient resources so that each cliild can have reading mate* 
rials available to him when he goes to tlie hbrary for his ref- 
erences. In using biographies of men of science and in repeat* 
ing some of die simpler experiments that these men performed, 
the teacher must be careful to make sure that die children Imow 
of their failures as well as of the successes, of their very human 
qualities, and of their motives in finding new solutions to the 
problems. It is not, then, only their science diat will be included 
in die plans for the unit, but also the stories of die men them- 
selves. Often the teacher will need to search out these stories 
for the children from adult materials and read them or tell them 
to die children. There are many good examples of this human 
side of science to be found in the life stories of scientists. 

As the children work toward the fifdi objective, the following 
generalizations well might emerge: 

Scientists are very patieiU and keep trying to find the answers 
to the problems which they have set for themselves. 

Scientists often make mistakes and think that tilings are true 
wliich are later proved to be falser 

Scientists are like all other people. They have the same kinds 
of emotions: love, hat^ jealousy, envy, fear, and happiness. 
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Tbese emolions affect tiicir work iust as emotioas affect 
e\'er>‘one’s wxirk. 

A scientist shares his work so that other scientists can try out 
his experiments and find out if be is right or wrong. 

Those and other simiar ideas be foimnJaled il this 
is met through such activilies as have been described. And, of 
course, as the work progresses, the teacher will evaluate con- 
tinually the progress of the class in terms of their ability to 
fonnulate just such generaliTations. 

Following this pattern, the entire unit is planned in ads'ance. 
"Farh day’s lesson, however, presents its particular problems and 
the unit can be carried out successfully only if daily plans are 
given suIBcIcnt coosideiation. 

PUNNING 
A DAY'S LESSON 

There are, and shcmld be, many ways in which the unit plans 
can. become realities in each days work with children. In fact; 
if a days plan becomes sometiung that is routinized and for- 
malized, then the class program will become stilted and very 
boring both to the children and to the teacher. Elach day’s plan 
can be unique. Each day’s lesson be something to which the 
children arid the teacher look forward. But there are three fac- 
tors which must be consideted in the preparatioii of any day’s 
plan: \Miat have the children learned? \Vhat are the children 
working on now? What does the teacher want them to do next? 
These things the teacher must know at any given time since 
they supply the leads for the daily lesson plan. 

However, there are other fectors which should be considered in 
daily planning, As the teacher works with a class of rbiMn»n, he 
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gets to know them. He knows about how much work they can 
do in a given period of time. He knows that he must plan about 
tins mucli for a half hour and that much for an hour— and that 
it is not always just twice as much. And he knows tliat he had 
better have all tlie necessary materials prepared. If he needs 
twenty-five test tubes for today's lesson, they should be in the 
classroom in the morning. And he knows that he bad better 
try out the experiment beforehand to make sure that he can do 
it and that he is aware of the possible area where tlie cluldren 
wll have difficulty. 

These points then are essential for any effective lesson plan. But 
the specific way in which a teacher prepares a daily lesson plan 
is a very personal aSair, soraeOmg like the unique way ia wlddt 
one talks, or acts, or teaclres. Mr. Jansen, who teaclies a sixth 
grade, does lus planning in the form of a running log. He uses 
a notebook and allows himself plenty of room for comments on 
each of the activities, each of the statements of goal, each evalu- 
ation, each set of materials, and all of tlie references wliich he 
uses. Tlius, os he goes back over the log of a completed uni^ he 
can see how he progressed from day to day. Mr. Jansen has 
been working on a unit on micro-organisms with his group. Here 
is tvhat one section of his notebook looks like; 

Evaluation of 11/2 

Micro-projector showed variety of protozoa well. Children 
were particularly fascinated by heart beat in daphnia. Can 
use this for introductioa to unit on functions of organs of 
body. Need to review variety of materials seen and lead into 
functions of various nutrients and oUu^ factors necessary for 
life. Jerry and T.infla seem confused about size of daphnia. 

Check Bob and Ed on meaiung of "cultuie," 

Flans for 11/3 

Goal. FOR DAV: Children should understand the necessary 
factors for a culture-growing medium— water, salts, nutrients, 
elimination of toxic substances. 
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PnocEDUHEs: Review micro-projections- Show dapluiia again 
and check on size problem (Jerry and Linda. Olliers too?). 
Find and identify various materials in the micro-field— water, 
plants, animals, grains of sand. Show drop of tap water and 
compare it with pond water. 

Questions to be answered: 

What do animals and plants need in order to live? Key ideas: 
food, proper environment (temperature of water for these 
mirco-organisms, air, etc.], factors necessary for both plants 
and animals. 

How can we make a medium for growing micro-organisms? 
Key ideas: Can use pond water, (Wliat is it?) Can make a 
solution. (Use Guyer for information on bow to make me- 
dium. Guyer, M., Animal ificrologti, 5th Ed., Chicago: Uni- 
versity of Chicago, 1953.) Let Jerry, Sue, and Ed look up 
formula for Ringer's solution in handbook and prepare me- 
dium. (Get some calcium chloride from Jim G. at the high 
school.) 

How can we make a good medium out of tap water? Key 
ideas: We must add food and remove poisons. To remove 
chlorine, allow water to stand overnight. (Compare to allow- 
ing water to stand before putting it into an aquarium.) Can 
tlien add hay infusion for food. Can add rice too. Or can try 
other foods— bread, meat, sugar, eta 

How about distilled water? Key ideas: DiEerence beti^’cen 
distilled water and tap water. Add minerals. Ringer's solution 
is one result. Can we drink Ringers sc^utioo? What is in our 
tap water? (Can get information from Mr. Luther at the Wa- 
ter Department Have Jill and Jaimy— or Sue and Alice— check 
with him.) 

Sources fob sruDEim: Use fbUowing books vnth stated chil- 
dren for special assignmei^: 

Buck, In Ponds and Streams— Ian 
Sebatz & Reidman, Story of MicrobesSairah and Jerry 
Selsam, l.licTohes at Work— Ed, Janet Elbe and Sue 
Schwartz, Through the Maffiifying Glass— Tom and Mariann 
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Use high school biology text (pp. 130-13S) for pictures. Also, 

Janet can use this material. Use sdeace texts (pp. 82-91). 

Gene^ai. soubccs: 

Comptons 
Brilannica Junior 
Columbia Encyclopedia 
World Book 

Co.^caiFTS AND TcacnQxms to be checked: 

Con children use the balances for wei^iing out the necessary 
salts? 

Do they understand the requirements for a general medium? 

Do tlicy knmv the relationship between pond water and a 
prepared medium? 

Foixow ub: Lead into preparation of cultures from each of 
several groups for experiments on effect of light on culture, 
effect of ultra-violet on culture (ask Martha to bring her 
fatlier's ultra-violet lamp), effect of different foods, effect of 
different temperature. (Have Bob, Bill, Jaimy, and Ed repair 
incubator during shop period. Be sure to remind Mr. Jones 
that they are planning to do it) 

Evaluation of 11/3 

( To be made after the dass has been taught. ) 

This kind of plan is flexible. Mr. Jansen can change his approach, 
bis worl^ his methods, and even his materials to £t the needs of 
his group at any given time. But this is only one i>ossible way to 
make a plan. Exactly what method is used in making the daily 
plan does not matter. What does matter is that it must be made. 
Here is a check list which can be used for all plans. 

1 . Know what the group has done. Know it quite well. How 
much of the material under consideration do the children im- 
derstand? How thoroughly do understand these items? 

Does there have to be review again today? 

2. Know where you are trying to lead the group. Where 
do you want the children to be tomorrow? Even more im- 
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portant, where Jo you want them to bo in three weeks? 

3. Know the generalizations towards which you are leading 
the group in today’s lesson. What big, broad idea is to come 
from today’s work? And how is the work you are doing today 
going to help tlie cliildrcn get tlicrc? 

4. Know, in a general way, whicit cliildrcn need special at- 
tention in today's lesson. Is tlio lesson something that can be 
especially helpful to this diild? Is the lesson somctliing that 
will give that child difficulty? 

Know tlic material that you are going to use. If it is a 
film, have you previewed it? If it is an experiment, have you 
tried it out? Don’t just trust to memory. You will liave for- 
gotten something. 

4. Have your materials ready. Do you have the projector? Do 
you have tho necessary test tubes or wire or sticks or plants 
or snails or whatever you need? Get them far enough in ad- 
vance because It is certain that you will find some essential 
thing hard to get. 

7. Know how you are going to summarize and evaluate the 
lesson. How will you find out if the children know what you 
have been teaching? What kinds of questions are you going to 
ask them? What kinds of sununaiies are you going to Irave 
them make? \Vlut kinds of behavior will you expect from 
them that >vill be different because they have learned this 
new material? 

8. Know tomorrows plan as well as todays. Even the most 
experienced teachers plan too little sometimes, but young 
teachers do this most often. They plan what they <hinV is 
enough for half an hour and th^ use it up in the first ten 
minutes. Then what to do for the next hventy minutes is a 
nightmare. Especially when you first start to teach, plan at 
least five days in advance so that you can go on to the next 
day’s lesson if necessary. But be sure to revise your plans 
eadiday. 

9. Plan to go slowly. Even the most capable children need 
time to absorb what you are teaching. Just because you have 
said something does not mean that the children have learned 
it. A good lesson plan allows tibe diildrea time to learn. 
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Of course, making these plans will take time. A j-oung teacher 
can expect to spend at least as much time planning his work as 
he docs in actual teacliing. Tliat is why tlie teacher comes to 
school before the children in the morning. It is why the teacher 
goes home long after they have left- But it is worth the time. The 
children will leam. 


Summary 

It is almost axiomatic that the success of a teadier is directly propor- 
tional to the amount of planning he docs. There axe two basic areas 
into which a tcaclicr's plans are grouped: 

I- He plans for the children as individxials. He knenvs that each child 
bos certain weaknesses, certain strengths. Ho plans his work so that 
each receives the support he will need to grow towards maturity. Of 
course, some children NviU receive more help from a given teacher 
th-tn others. But if the children are considered when the teacher makes 
his plans, then more cluldrcn axe likely to receive more help from 
him than if ho made no such plans. He plans to watch continually the 
growth of the children as they progress in their work from day to day 
and to note thdr reactions and recoid them so that he can have a 
basis against wliich he can measure his work and theirs. He will use 
this record to help him see what be has done with the children and to 
give him ideas about what ho should do in the future. 

2. He plans for the subject matter. He knows the generalizations 
which be is trying to teach and be lias thought through the experiences 
which he wants the children to have so that they are more able to 
reach these generalizations. He makes sure that all the necessary 
equipment and materials are available. He does not expect each child 
to leam from each experience in exactly tire same way. But he knows 
that rvithout planning the sdenco to be taught, then no science will 
bo taught. 
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SEHING THE STAGE FOR 
SCIENCE IN THE CLASSROOM 


SoENCE and technology are part and parcel of modem 
life. In all daily activities these areas are continuously 
having an important impact on us. No child is unaware of 
this fact Althougli few children can verbalize it 
of them live and act differently because of this technical, 
industrial society. It is the rare American child who lives 
without electricity, radio, automotive tTanspoitation of some 
sort, and some modem medical care. Science needs no 
justification for inclusion in the curriculum beyond 
its tremendous significance in our lives. 

But the very interweaving of science into the warp and 
weft of society means much to teachers. Here is one branch 
of learning where little artificial motivation is needed. 
Children come to school primed to learn in this area. 

The wide range of interests, the broad background of 
information, and the normal diildish curiosity with which 
they come to school can be the foundation of wonderful 
work in the schools. The problem is not one of creating 
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interest in science. Ratlier» science programs must be built so 
that both the pre-existent interest and tlie natural curiosity about 
science are fostered and cultivated in cliildren. 

If this interest in science is so strong, how does it happen that so 
many young people avoid science courses in liigli schools and 
colleges? What happens to this early interest? Obviously, teachers 
must be partly responsible for its disappearance. There has been 
a failure to extend and expand these natural childhood interests 
and to lead tlie children to greater appreciation of science and to 
further work in the Geld. How can wlmt is known about the na- 
ture of children be used most advantageously to motivate a 
science program? 

THE MEANING 
OF MOTIVATION 

It has been shov.*n diat man is an active being. He is naturally 
curious, naturally social, naturally a problem solver, naturally 
a tliinker. The healthy cliild lias witliin himself all of these char- 
acteristics. Motivating means making use of tliese characteristics 
for teaching purposes. Situations must be set up whicli moke use 
of this inherent curiosity. Materiak which establish problem- 
solving situations for cliildrcn must be brought into the class- 
room. Tlie fact that tlio cliild needs social approval must be con- 
sidered and used. The cliild, as a thinker, must be helped to Gnd 
out who he is and how he Gts into his society and liis world. Good 
teaching means using tliese inherent characteristics to help stu- 
dents solve personal problems and develop competencies to meet 
tile variety of situations wfucli they will face. 

Since the individual has inherent cliaracteristics which cause 
him to act in certain ways, teachers, by using these innate factors, 
can help him to gain maturity and an understanding of his world. 
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There are a variety of forces which the teacher, the school, and 
society generally use to help duldrcn leam and grow. 

MOTIVATING FORCES 

Inherent in any area of subject matter is the value of that area. 
Science is a tool for understanding tlie world. It offers both in- 
formation which is of value and techniques for working with 
information. The rational approach to problem solving has 
a fascination for all people and ran be learned. Tims, wathin this 
area of concern there are built-in motivational forces. This first 
type of motis'ation into use the intrinsic values of the ma- 
terial to be studied. 

Next, there is the factor of individual and group interest in 
school activities. Again, science is an area which has adv*antagcs 
over other areas. Individual children are already interested when 
they come to school. The clUldren come out of a culture where 
this area of knowledge is viewed with great respect, if, indeed, it 
is not held in awe. There is little difficulty in capturing interest 
in the body of material to be learned and, if the procedure is 
sound, of holding and cultivating this interest. 

Then, there are the materials for work in science. Learning, with- 
out the tools of learning, is often a dull task. Learning from a 
dog-eared book, learning with nothing more tHan a piece of 
paper and a stub of pencil, learning with no way to experiment 
or try out the new knowledge, all of these f^n dull the most 
fascinating subject. Hearing alone, and even hearing and seeing, 
make for comparatively poor learning and retention. On the other 
band, experimenting and using materials to try things out makes 
for functional learning. And science, above all other fields, lends 
itself to the use of materials, to the experiencing of new ideas, 
to the trial of new machines, to the experiments that make learn- 
ing so satisfying. Motivation through new e^eiiences and 
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through the use of a variety of active and passive learning tech- 
niques can be produced easily in tlie area of science. 

Furthermore, this exploring and experimenting witli the environ- 
ment has another important function. As children investigate, as 
they have new experiences, as tliey try things under guidance, 
they come to know more about their environment and therefore 
to feel more secure in it. Security comes with understanding. 

Finally, tliere is the area of motivation througli teacher interest. 
Here is tlie factor which, tliough most important, is most likely 
to be a stumbling block. Afany teachers grew up in schools where 
science, if it was taught at all, was a "silting down” or a "read- 
ing” or a "memortzing” subject. The spark which as cluldren they 
had for this area of learning was extinguished by sad school ex- 
periences. Teachers need to rekindle this spark in themselves. 
Only as they can develop a real interest in science can they nur- 
ture this interest in cliildren. 


ELECTRICITY 

IN A THIRD GRADE 

Of course, there is much to bo done before a program is started 
in tlie classroom. Objectives must be established. The activities 
must be planned. Materials must be gathered. Teacliers must be 
prepared for the coming activities. Assuming that these things 
have been done, what are some possible courses of action wliich 
can be taken to start a science unit? 

ITie clock in tie tiiid grade room reads twenty after ef^t Miss 
Edwards came to school early this morning. With her back to the 
door, she listens for the first comer. As usual, it is Jimmy, and she 
is not surprised when she beats his cheerful voice. "Hi, Miss 
Edivards. Whalcha doin?” “Just a minute, Jim,” she says. “I’m 
trying this out to see if it works.” 
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What do you tliink Jim will do? If he is like a million other third 
graders he will dash over to see what is on tlie table. And, as the 
others come drifting into the class, the teacher will soon have 
most of them crowded around her. Just what is on the table? 
Well, today tliere are some dry cells, some wire, some miniature 
sockets, and flash light bulbs. Also, there are cutting pliers and 
screw drivers. These supph'es have been rounded up from various 
sources— perhaps from the local hardware store, from one of the 
school teachers, from the school science storeroom, or from 
a science supply house. 

“We are going to find out about electricity, so I got some of these 
things for us to work with. I wonder if we can get these bulbs 
to li^t. Wed belter start class now, but we'll come back to this.” 

Miss Edwards has set the stage. She has thrown out the challenge. 
She will not have long to wait for the response. In the planning 
session this morning Miss Edwards and the children will cer* 
tainly make sure that there is time for science. The children will 
be all ready to go. When the time comes for science, there are 
several ways in which the teacher may proceed. She could, of 
course, tell the cliildren how to wire the bulbs so that they light. 
But that would not be good science teaching. She could get the 
children around the science table and let one or two of them try 
to light the bulb. And she might have to do that if she had only 
one bulb, one socket, one dry cell, and very little wire. 

But there is a much better way. Miss Edwards has enough ma* 
terials so that each group of three or four children has a bulb, 
a socket, a dry cell, and plenty of wire. “Jim, suppose you work 
witli Bill and Ed. Susan, will you work %vith Jean and Tom? You 
folks work over at Sue's dedt" And so she divides the class, as- 
signing them working areas around the room. Grouping for this 
land of work allows for many good eJ5)eriences. All kinds of 
groups are possible. Slow duldren can work with fast ones. Shy 
children can work with fOTWard ones or with other shy ones or 
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by tliemselves. Those who do not work well togetlier can be 
separated. In order for the maximum amount of learning to take 
place, the best possible grouping has to be arranged. 

Now that the groups have been established, it is time for instruc- 
tions. This is a key point The teacher must give enougli instruc- 
tions so that the class does not flounder, but she should not give 
so many instructions that the cliildrcn have no exploring to do. 
E^Ioring, finding out for themselves discovering—this is the es- 
sence of good science teaclung. After the groups q^uiet down. Miss 
Edwards writes these directions on Uie blackboard: 

To GBrr THE BULB TO UCItT, YOU YVILL NEED 
1 bulb 
1 socket 

1 dry cell 

2 pieces of wire 
1 saew driver 

Her instructions may sound something like this: "Each group will 
need tlie things wliich I am writing in this list One person from 
each group should get the tilings from tlie table. Be sure you get 
one bulb, one socket, one dry cdl, and two pieces of wire. The 
wire is not cut, so you will have to use the pliers and cut t%vo 
pieces each about a foot long. You will also need a screw driver. 
Now remember what your job is. You must get the bulb to fight 
One thing more. Remember, when we work quietly, we can work 
better. Now don’t forget to dieck your supplies.” 

Around the room will be tlie hum of busy people. They %vill liave 
many ideas to try. Some will go right to work in a very knowing 
manner. Some will hesitate. Some Yvill stand around and watch 
the others. Miss Edwards is not a member of any one group. As 
tlie teacher, she moves from ©wip to group with a word of 
encouragement here, a leading question there, a suggestion to a 
tliird group. Jean’s experiment looks like this: 
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This wire gets hot 



Jean's experiment 


Jean’s eiperiment may ruin the <iry cell, and the wire connecting 
the two poles will get quite hot. Miss Edwards disconnects one 
pole as soon as Jean has discovered what is happening. 

Another experiment looks like this: 



Sdltfs experiment 
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Anotlier, like this: 



Of course, only die third can L'ght. (And even that might not 
work; die wires mlglit not be bared; die bulb might not be tight 
in die socket; the ends of the wires might not be fastened sc> 
curely.) Cut soon, one of the bulbs will light Hie successful chil- 
dren let out a collective shout. Everyone stops and crowds around 
diem. “How did you do it?” “Lets seel” “I’ll bet our stuff is 
no good.” 

Miss Edwards has reached anodier key point in the lesson. Now 
she must get die class to analyze what happened. “All right, 
everyone. Let’s see if we can figure diis out Stop what you arc 
doing now and come up and sit down in front of the blackboard. 
Come on, Jo. Youll get a chance to get your h'ght to work later. 
Yours is working, May? That’s good. Now come up here and sit 
down. Are we ready?” Tlie room quiets down. Good teacliers 
always know die strategic moment when tite Iiubhub subsides 
to silence. And, before die silence changes again to bedlam, Miss 
Edwards begins. “Now each group must draw a picture of die 
experiment Jean, you draw the picture for your group. Yours 
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didn’t liglU? Tliat's all right When we work in science, we have 
to examine all the things we do, those that work and those that 
don’t work. Now Sally, you draw yours. And Ed, you draw yours 
here. And May, you put yours on tlie board over there.” Here is 
what the children may draw: 





Wiy did some work and others not work? This is the question 
wliich the lesson must answer. Tliis is tlie immediate objective 
of the lesson. Tlie cliildrcn must Icam that: In order for the bulb 
to light, you must have a complete circuit. What docs tliis mean? 
It means that you must have a complete path through which the 
electricity can flow— from tlie dry cell, tlirougli the wire, then 
tlirougli Uio socket and into Uic bulb; then Uie patli leads back 
out of the bulb into the socket and from there back through tlie 
other wire to the cell again. Witliout such a complete electrical 
patli, the bulb %vill not IlgbL “Jean does not liave a complete 
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circuit. Neither does Sally. Tlictr bulbs will not liglit But Ed’s 
cipcrinicnt lus a complete dreuit Why didn't liis bulb light? 
Tliat's right There must be something else whicli is sto{)plng the 
electricity from flowing into iho bulb." Tlic anal>-sls of Uiia prob* 
Icra by the class can help them understand tiro meaning of a com- 
plete circuit and can clarify conJuctor and non-conductor for the 
children. They are rediscovering tbo fads of simple electric 
circuits. 

fforv should this lesson end? Perhaps a series of cliarts can giro 
Uio sununaiy necessary for fixing diis learning. Tlio class might 
prepare Uie cliarts in die foUovdng manner: "Well now, Ed, sup* 
pose )‘ou go and get j'our nratcrials and bring dicin up licrc.” As 
Ed goes for tho materials. Miss Edwards helps tlio class get ready 
for diis culminating experience. "I diink wo lud belter make a 
list of diiiigs wo need to do to get Uio bulb to liglit 111 write 
tho diings that you (ctl mo and. as I uTilc them, Ed's group can 
be doing them. Then, when we Iiavc finished die list, wo can all 
tty to follow die directions whicli we luve uritten. And after tlut, 
there arc three bclb and two electric motors in my closet 111 put 
them on die tablo licrc. When your group gets the liglit working, 
you can como get a bell or a motor and try it out All right, Ed, 
aro you people ready? \Miat is tlic first thing we must do? Ves, 
Jean? Tiut’s riglit First we must lave a bulb, a socket a batter)-, 
and two pieces of wire." 

As \-ariou$ childrai give dio necessary steps, the teacher writes 
c-ach on a dart. She sliould be careful to me words which they 
can read. She should be careful to be accurate in her statements. 
If a child makes an inaccurate statanent she sliould l>c careful 
to correct it before she writes it. Tlic final cliarU may look 
likediU: 

I. Wo must lave a bulb, a socket, a bauii)’. *nd tu^j pieces 
of wire. 
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2. We must scrape the insulation off the ends of both pieces 
of wire. 

3. We must attach one end of one wire to one of the screws on 
the battery. Then attach an etd of the other wire to the other 
screw of the battery. 

4. We must attach the second end of eadi of the irires to the 
screws of the socket Well need a screwdriver to do this. 

5. Put the bulb in the socket and screw it in tightly. 

6. Now there should be a complete circuit The electricity 
can flow through the bulb and light it 

Of course, the children will want illustrations for the charts. Since 
all the drawings they will make will not fit on the charts. Miss 
Edwards will have exhibits of their work around the room. 

Undoubtedly, Miss Edwards has planned for and organized the 
next steps in the study of electricity; for example, stud>'ing dif* 
ferent kinds of conductors, or switches, or how a battery is made, 
or safety with electricity, or some of the thin gs that electricity 
can do for us. But the important point now is that she has gotten 
started. She “just happened to have" the materials needed to 
introduce this study of electricity. Now, the steps that led up to 
this “fortunate coincidence" can be examined. "What were the 
unique characteristics of the lesson described above? What 'vas 
it that Miss Edwards did? How was she using the principles of 
child development to reach her immediate goal of getting a unit 
on electricity under way in the third grade? 

ANALYZING 
THE LESSON 

Children, except as they have been inhibited, are explorers. They 
are challenged by new situations and new ideas. Miss Edwards 
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kaows tliis, so she opened the program wth a challenge and a 
Surprise. She knew tlie cliildren would be coming soon and her 
plan called for this kind of motivational incident. This could have 
been done in many other ways. For example, a new bulletin 
board display on electricity could have attracted tire cliildren 
when they arrived in the morning. Or the materials could have 
been out on tlie science tabic and tlie children could have had 
the opportunity of discovering them. Or she could have written 
‘'surprise** in tlie daily plan when she and the children were going 
over tlie program for tlie day. Whichever way tlie work was intro- 
duced, the innate and natural curiosity of children would have 
been tlie motivational device. Ollier innate characteristics could 
have been used for different motivational devices. 

Just getting started is not enough. Hie teacher must set the class- 
room situation. Miss Edwards did that. She knows the children 
in the class. Jimmy works well with Bill and Ed. If he tries to 
work witli Tom, neither gets much done. Susan is a calming 
influence. She and Tom get on well togetlier. Tliere is not the 
rivalry and competition between them that there is with other 
children. Jean is with Tom and Susan because Jean needs tlie 
challenge of Tom’s ability and the calm of Susan’s personality. 
She also brings ability to the group, but it is not too much of a 
llireat to Tom. Henry is not quite ready for a group yet hut 
Miss Edwards is watcliing him carefully. Maybe next time the 
class works in groups, he will be working witli Jean. Tliey should 
make a good pair. Miss Edwards knows wliich children work well 
together. She knows wludi children need to be near her. She 
knows wliich children can or should work alone. She knows 
these tilings because she lias watclied tlie class very carefully 
and 1)35 noted their reactions to one another and to herself. Do 
teacliers make mistakes? Of course. But, when a teacher pur- 
posely divides the class, he is more likely to have a proper setting 
tlian if he allows a haphazard arrangement to take place. This is 
one reason why teachers keep such careful records of cliildren. 
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Proper grouping allows for best work and lets children help each 
other grow and leam. 

Throughout the lesson, the teacher has much more tlian science 
to teacli. Children need to read and to write. The teacher will 
know which children should be asked to write at tlie blackboard 
and which children should be asked to read what has been 
written. But there is more to this phase of the work. Do you 
remember that the ^vire was not cut? The children needed to 
cut off the proper lengths. Why? Because this was sometliing 
tliey could do with tools. Tliis was a physical skill tliey could 
develop, and Miss Edwards gave tliem tlie opportunity to de- 
velop it If she had been working witli circuits with a first grade, 
she would have had the wires cut and bared for the children 
because these are things that most first graders cannot do. 
Furtlreimore, third graders can leam to use screw drivers. So 
she had these tools ready for tlrem to use in fastening down the 
wires. A lesson plan must provide not only for the development 
of an important science concept it also must allow for growth 
in related mental and physical skills. 

All cliildren are different. Some leam quickly. Some slowly. Some 
have fine muscular coordination. Others are less coordinated. Did 
Miss Edwards take these things into account? Again, the answer 
is yes. That is why there were bells and electric motors in the 
closet. Some of the children will have finished the wiring of the 
bulb circuits while others are still in the midst of that task. So 
she had related materials for the faster or more dexterous chil- 
dren. There must be a challenge for each and satisfying jobs 
for all. 

Miss Edwards had much to da She started the lesson. She set 
up the groups. She moved around the room. She was able to 
watch much better that way- Since she knew the frustration level 
of the children, she was able to help them when this level 
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Uireatened to stop their progress. Jimmy’s group could work 
along witliout much help from her. But anotlier group needed 
to have her there to ask the ri^t leading question. If slie were 
not tliere, they would be lost and would stop working. A third 
group did not need her intellectual help, but tlie calming influ- 
ence tliat she, tlie adult in the situation, could bring them. A 
fourtli group needed fust her smile of encoiuagement and a word 
of praise. As she went around the room, she was playing all these 
roles for the children. And when May's bulb lit, she played a 
new role. She helped tlie children summarize their percepts and 
form a new concept. Now slie acted as a guide for group tliink- 
ing. She helped them summarize what they had seen and learned. 

Learning is by no means a simple process. We learn through the 
use of our senses. For a long time, most school learning took 
place tlirough hearing. Sometimes tlie children recited. Some- 
times they read. But mostly they listened. However, recent re- 
search on how people leam indicates tliat Uie more senses 
Involved in a study of material, the more likely is that material 
to be learned and remembered. 

Did Miss Edwards take this information into account in her 
lesson? She certainly did, WHien she had tlie children summarize 
by re-doing tlie erperiment, that helped them learn. When she 
had them talk about what lliey had done, tliat helped too. When 
they read tlie charts, that helped more. And tomorrow, when 
tliey illustrate the charts and make an exhibit of tlieir worl^ 
that will lielp even more. All of lliese sensory experiences will 
work together to fix this learning in the children’s minds. And 
that is what she wanted. 

But there is even more of \-aIue in this summary. First, the chil- 
dren can evaluate what has been done. It is just as important 
for tliem to understand and evaluate a lesson as it is for the 
teacher to do so. \VliiIe revimving and summarizing, eadi child 
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has a chance to out what he knows and what he does not 
know. And, o£ course, the teacher too has a chance to ernloate. 
Not only can the teacher observe each child and what he has 
learned, but the teacher also the very important opportunity 
to evaluate the lesson and its effectiveness. All this can grow 
out of the s ummar y. 

This lesson is one part of a whole plan. As diildren learn the)' 
£atn self-confidence. As they gain self-confidence they become 
more secure. Then, as they become more secure, they are better 
equipped to go on to new leaming situations. The subject matter 
that was tau^t is very important But quite as important as the 
information is the development of self-confidence and security. 
The plan which allowed the children to erperiment, to thinly to 
work, to use all their senses in learning allowed them to do all 
of these important things^-to learn valuable information, to de- 
velop self-confidence, and to become more secure as people. 

As Ins been pointed out, children are social beings. This too is 
an important characteristic which may be used constructively for 
motivation. As social beings, they wish to gain status both wth 
tiieir peers and with adults. The teachers approval and praise is 
important to them. Success in a tasl^ recognition of that success 
by the teacher and by other children, and the consequent growth 
in status are all very important in the learning process. 

There is another side to this coin. In addition to wanting to gain 
status, children certainly wish to maintain tlie status they ha\e. 
Public humiliation, continual lack of success, rejection by the 
teacher— all of these things are deteriorating to the ego. They 
can do much to hinder childrens learning 

Children are problem solvers. There is great satisfaction in find- 
ing solutions to problems. This is one of the strongest motiva- 
tional forces for learning. And hrithermore force is self-per- 
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petuating. Tliis is true because as old problems are solved, they 
in turn give rise to new problems. From these new problems 
come new learning experiences. This kind of motivation is par- 
ticularly useful to teachers of (he upper grades. It is to an 
example of this that we now turn. 

ELECTRIC POWER 
IN THE FIFTH GRADE 

For the past several weeks, the major unit of the fifth grade work 
had been a study of water. Essentially, it emphasized the social 
studies. Mr. Benjamin was primarily concerned with the impor- 
tance of water in man's life. Tire class studied many tilings— 
water’s use for transportation, waters use in agriculture, water 
as a determinant in locating cities, as well as many other facts. 
One of tliese facts was: water is important for the manufacture 
of electricity. This is the starting point for a new unit of study. 
Mr. Benjamin plans to use tire problems that have grown from 
tire work just completed as motivation for introducing the new 
unit; “Making, Distributing, and Using Electric Power.” 

In summarizing tire work that Irad been done on water, tire 
group listed the follmving ideas: 

1 . All living things need water. 

2. Water evaporates from the oceans and is carried in the air 
as clouds until it rains. 

3. After it rains, the water goes into streams and then to 
livers and then back to the ocean. 

4. Then the whole process happeits all over again. 

5. Boats are used to cany very heavy loads on water. 

6. Sometimes water has germs in it 
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7. The Water Department uses chemicals to purify the water. 

8. Sometimes farmers dig ditdres from a stream or a river to 
get water to their fields. This is called inigadoiL 

9. Water is used in many ways in factories. 

10. Water power is used to malaj electricity. 

11. Men always build their homes where they can find plenty 
of water. 

1 2. Tlie pioneers always looked for water before they made 
camp for the night 

This is the list which the childr^, under the teacher’s guidance, 
developed tlie day before yesterday. It is formidable, and Mr* 
Benjamin can be very proud of tlie children. They have gained 
much information about water and its importance. They have 
formulated a number of sound concepts about the role of water 
in man's life. 

CHOOSING 

CURRICULUM MATERIALS 

Today Mr. Benjamin is going to start the study of electric power. 
^Vhy has he chosen this area as the next unit? Several factors led 
to tiie dioice. First, electricity is something very iiiunediate in 
the lives of children. They are surrounded by things electrical, 
and they know it. Then, there is a certain amount of glamour 
about the subject of electricity. It lends itself to many motiva- 
tional experiences. Further, the children already have a consider- 
able amount of information on tbk subject from their work in 
previous grades, and Mr. Benjamin plans to use what they already 
know to continue the expansion of their universe. Finally, he 
knows that he has a responsibility to help them witli the safety 
aspects of the subject of electricity. 
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DEVELOPING 
A NEW PROBLEM 

It is ten tlxirty. The last two boys have just arrived from the music 
room, and as the plan on the blackboard indicates it is time for 
science. “All riglit, people. Please bring your chairs up to the 
front of the room. Don’t forget your notebooks and pencils. We 
are going to start our work on electricity." The group moves up 
bringing chairs and pencils and notebooks. Some of tire children 
scramble, some move slowly. This is tire same land of situation 
that developed in Miss Edwards’ class, and Mr. Benjamin han- 
dles it in similar fashion. He sets lire stage. “Ginny, why don’t 
you and Beth bring your chairs over near tire table? BUI, you 
come and sit here. Ned, you go sit over there with EUie and 
Sue and Jolm." Wlut Mr. Benjamin is doing when ho asks the 
children to take certain positions in tire group is using his knmvl- 
edge of tire individual children to place them where they can 
work most effectively. 

Once the stage is set, he starts. “We’ve done quite a bit of work 
on the subject of water. Fred, why don’t you read us tire list 
we put in our notebooks on Tuesday. Yes, that’s right. The one 
summarizing our study of water.” Fred is the quiet cliild, always 
at the edge of the group. He is a pleasant but rather slow young- 
ster. He must get his cliance to contribute to tire work of the 
group. Unless he gets this chance early, he is not likely to have 
much to say in tire discussion. Slowly, Fred reads the list. It is 
not too long so Mr. Benjamin is able to let Irim read all of it. 

'Thanks, Fred, that is quite a list we have there. And everyone 
of tliose ideas is important. But, you know, Urere is one thing 
common to all the ideas on that list. They are all ‘whats’ of water. 
Tlrey tell us 'what’ water does, but none of tlrem tells us ‘how’ 
water does these things. Sometimes we study tire 'whats' as we 
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did in our study of water. But sometimes we study the Tiows.’ 
Now we are going to study some of the “hows’ of electricity. You 
already know a good many of them. Remember, you studied 
some of the “hows’ of electricity when you were in the fourth 
grade last year? And when you were in the second grade, you 
studied some other “hows’ of electricity. I wonder if you remem- 
ber those things?” Hands go up around the roonL Again ^f^. Ben- 
jamin chooses carefully. This time he wants someone who will 
start off the review with a good example, one that will be familiar 
to all the children. He does not choose Ned. Ned is a “science 
bug,” and he will have more information to give ^han the chil- 
dren can absorb, Jackie’s answers are generally accurate and to 
the point, so he seems like a good choice. “Jack^ what do you 
remember?" 

REVIEWING 

WHAT CHILDREN KNOW 

Well, I guess you could say that you need a complete circuit 
in order to light a bulb. I think that’s a “how’ of electricity.* 
Fine, thats exactly right. Do you think you could show that 
to us? I just ...” “Happen to have,” the class chants in unison. 
This is an old class joke. They know Mr. Benjamin has prepared 
for this situation and that the materials are ready for them to 
use. “Thats right, he laughs. “I have some dry cells and a roll 
of wire and other things you need to show us how to make a 
complete circuit Will you and Fred and Jean and Sally do that 
for us? We’ll go on with some other things while you get that 
ready. Now, who can remember another “how’P Bill?” Bill is 
the youngster who is sitting next to Mr. Benjamin. The teacher 
called on Bill so that he can have a chance to participate without 
support He has been working hard to develop this independence- 
“\Ve worked with switches too. Do you Iiave any of those-what 
do you call them? Yeah, knife switches?” “Yes, there are some 
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in the drawer. Why don’t you work with Ellie and set up a cir- 
cuit witli a switch in it?" 

Mr. Benjamin calls on cliildren around the room and sets groups 
to work with various materials. Again, his knowledge of the in- 
dividual cliildren will help him in determining the groupings. 
Soon tlie room is buzzing with work. The cliildren are quite ex- 
cited about meeting tliese old friends again. As they get their 
materials to work, they visit neighboring groups to see what is 
Iiappening. Mr. Benjamin wanders from group to group giving 
help where needed. 

When things seem to be ready for summarizing, Mr. Benjamin 
says, ‘Two more minutes and tlien we must come up front to 
show wliat we have done.” There is another buzz of voices. "It’s 
time now. Let’s come back to the table.” The children come 
trooping back. "Is your group ready to show what they have 
done, Jack?” There is a hurried conference and Jackie and Jean 
bring their materials up to the table. Quietly, in fact, without 
speaking at all, tliey light the flaslilight bulb. Mr. Benjamin has 
to do some questioning to get the generalization that comes from 
tlieir work. "Jack, you said this would show a ‘how’ of electricity. 
Can you explain it to us? Ginny, will you be our secretary, 
please? And, as Ginny puts the ideas on the hoard, tlie class had 
better write them in their notebooks. Yes, Jack?” “You have to 
have a complete circuit in order to get the bulb to light.” Now 
Mr. Benjamin wants a broader generalization. He turns to some- 
one who can help tlie class broaden the idea. “Ned, can you add 
anytliing else?" "You must have a complete circuit for electricity 
to do any work at all." “Good, Ned. How can we write that?” 
Sue says things very well so the teacher turns to her. Sue, can 
you dictate this idea so tliat Giimy can put it on tlie board?” Sue 
tliinks for a minute. "Electricity needs a complete circuit in order 
to flow.” “Do you all remember what a ’circuit’ is? It's a path 
tlirou^i which electricity can flow. Maybe we had better put 
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tliat word in too. Ginny, write ‘p^tli in parcnUieses after ‘cir- 
cuit’.” Ginny now lias lliis on the board: 

1. Electricity needs a complete circuit (path) ia order to flow. 

Slowly, the class lists more ideas. Each group brings its experi- 
ences to tire cl a ss as a whole. Mr. Benjamin reviews the list of 
generalizations tliat tlie cliildrcn Iravc developed. lie watches for 
misconceptions and for ha^ ideas. He will want to clear those 
up as he goes on wtli the unit. By the end of the period, generali- 
zations like the foUors'ing arc on tlic board: 

1. Electricit>* needs a complete circuit (path) in order to flow, 

2. A snatch is a nudunc for opening and closing an electric 
circuit 

3. ^Vben electricity Sows tlirough a coil of wire, it makes the 
coil into a magnet 

“Has eveij'one copied tlie list? All right, well give you a minute 
or two more. We really remember quite a bit about electricity, 
don’t we? Well Iea\-c all these things out on the science table 
and, in your free time, you can work with them.” 

Mr. Benjamin is on his wayl He has reviewed both the facts 
that the children ha\'e learned and tlie concepts which they 
have built from these ^cts. Of course, be needs to analj'ze 
the situation thoroughly. Has be done enough review work? 
Are there certain facts or certain concepts which need more 
work? Are tlie children reasonably ready to go on to the next step, 
a study of how water power is used in the generating of elec- 
tricity? If they need more review work, it makes little sense 
to go on. Trying to build further concepts \vithout having a 
sound foundation hg< caused more difficulty to more children 
than any other error made in tesudimg. Take your iinie. Make 
sure the children are ready for the new Then go ahead. 
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Mr. BcnjainiQ tliinks the children are ready. He has fairly good 
evidence from the drawings he saw that tlie children have a 
reasonable working knowledge of circuits, magnets, switches, 
statics, and the various jobs that electricity enn perform. A few of 
tlie children are hazy on some of tliese items. lie notes tliis and 
will work with them during tlie course of tlie unit. But in general 
tlie group is ready, so the next day he begins. 

INTRODUCING 
NEW MATERIAL 

“Como on, folks. Its time for work on electricity. Bring your 
notebooks, your pencils, and your chairs. Let’s sit where we 
were yesterday. All right, are we ready? Yesterday wo found 
out many interesting tilings about how electricity works for 
us. But where did we get the electricity we used? ^Vhat was 
our source of electricity? Now, don't call it out. Yes, Jim?” 
Jim does not always speak distinctly, but today he is across the 
group 6t>m the teacher so ho must speak out to get his answer 
heard. “^Ve had those batteries.” “Good, Jim. And do you remem- 
ber anotlier way that we had for getting electricity? Yes, Sally?” 
Sally is quiet most of the time, she rarely volunteers any informa- 
tion. The fact tliat she had her hand up is very important. She is 
a youngster who needs as much recognition as you can give 
her. “Didn’t we get electricity wlien we used the money and 
the wet paper?” “We certainly did. Do you remember what tliat 
was called, Sally?” Hands go up around the room, but the 
teacher waits for Sally. She needs to have her chance. “A some- 
thing-or-otlier pile.” “Well, Sally, the ‘pile’ part is right. The 
other part is 'Voltaic.’ Bemember it was named after Volta, tlie 
Italian scientist. We made a Voltaic file with a dime, a piece of 
paper towel soaked in salt water, and a penny.” 

“Did we have any otlier ways of getting electricity?” Mr. Ben- 


75 



TV: Setting the stage for science 


jamin waits a minute while the children think. “Well, Ned?" 
“No, I don’t think so.” "You are right. We didn’t. But do you 
suppose they use dry cells or Voltaic Piles in the power house 
to make the electricity we use in our homes?’’ The children 
laugh at this. It is obviously impossible to provide power for a 
community with dry cells. “Well,” the teacher asks, “what do 
they use?” He wants to be sure of a correct answer so he calls 
on Sue. “They use a machine called a generator.” 

“Beth, will you please look in the big drawer of the table? Tlie 
one on the riglit side. Now, will you take out what you find?” 
Betli brings out a small hand generator. “Do you know wliat 
that is? You are right It’s a generator. Do you suppose you can 
get it to work? Try it, Beth.” She turns the crank, first slowly 
and then more rapidly until the bulb lights. “Well, what do 
you biowl Beth can make electricity. That must be tire way 
they do it at the power station. They must liave men down 
tliere who turn the cranks on little machines like Uiis.” This 
obvious nonsense makes the children laugh. “Well, then how 
do they make electricity? Yes, John?” John is a very careful and 
able youngster. He gives a precise answer. “Down at the power 
house they use big steam engines to turn the generators. But at 
some power houses they use big water wheels to turn the gen- 
erators.” “That’s true, Jolm. But I’ll tell you sometliing else. 
Tliose generators at the power station, even though tliey are 
much bigger than tliis one, are really exactly the same as this 
one. Tlie only big difference is Uiat they use the energy from 
a steam engine or water wheel to turn them and we use our 
muscles.” 

Mr. Benjamin allows tlie children to examine the generator and 
find out what it is made of and how it works. They discover tliat 
tlie generator consists of a coil of wire spinning inside a magnet. 
As they work with it, they learn that the energy which they 
apply to the crank which spins the coil of wire is transformed 
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into electrical power to liglit the bulb. Each child also has the 
opportunity to experiment further witli generators by maldng 
a model generator. 

Making a small demonstration generator is quite simple and 
can be done by most len-year-olds. Wind about six feet of #24 
cotton covered wire into a coil on your fingers. Leave the two 
ends out of tlie coil and bare them. The coil will look like this: 



Now slnirpen a pencil at both ends and slide tire coil onto the 
pencil. Fasten the coil to the pencil with cellophane tape and 
fasten the ends of the coil onto the pencil so that the bared 
parts of the ends are on opposite sides of tlie pencil. Now, it 
will look like this: 



Tliis coil and pencil (called an armature) must be mounted on a 
stand so tliat it can spin freely within the stand. A good way 
of mounting it is to fasten three pieces of wood together in the 
shape of a "U." Two of the pieces are nailed to tlie tliird. The 
distance between the two is determined by Uie length of the 
pencil. The pencil points fit into little holes which have been 
drilled into the two upright pieces of wood. When tliis “U” 
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stand has been made and tlie pencil is fitted into it, the machine 
looks like this: 



The final step is to bare t>vo long and heavy wires ( #16 cop* 
per wire) and fasten them into the base of the “U* so that each 
of them comes up and touches one of the bared wires on the 
side of the aiinature. These wires can then be attached to the 
receiver of a telephone or to a small galvonometer (an instru- 
ment which shows the presence of small quantities of elec- 
tricity). Now, with the addition of a magnet, the generator 
will look like this: 



Wind twenty inches of string on the shaft and pull it gently to 
spin the armature. WTien the annature is spun, the meter should 
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register the presence of a current, or the receiver should dick. 
In either case, the current should be noticeable. If no flicker 
can be seen on the meter or no click can be heard on the 
receiver, then probably tlie two heavy wires arc not touching 
the ends of the coil where they have becii hared. Also, it is 
important that the coil be kept moving. Unless the coQ moves, 
no electricity is generated. But this little machine can be 
adjusted and made to work, and it is important tliat Uie teacher 
know how to adjust it so that be can help cadi diild make his 
own model work. 

Mr. Benjamin has reached his objective. He has led tlie children 
from their work on water into one of tlie problems tliat grew 
out of tliat study. He is right in the midst of a new unit Now 
he COD go on. He con hdp the diildren And other sources of 
energy to run their gcncraton. He can let them try hitching up 
toy steam engines, or model water wheels, or windmills, or 
something else which they may suggest to their generators. Ho 
can take the class to visit a commcrdal power stadon. Now he 
can spend two days or two weeks on generators, depending on 
the class, the available time, and his oilier plans. 


Summary 


Effective motivation means taking advantage of "Mhat comes natu- 
raffy.** There is nothing magic dot anjthing supcriicial about it What 
is really involved is making use of the inherent nature of the children 
to encourage their studying and learning. Children are curious about 
their world. So the teacher piques their curiosity witli new and inter- 
esting materi.ils. Giildrcn are interested in acU\’o learning situations. 
So the teadher motivates by providing sucli activities. Children ore 
anxious to be accepted and to satisfy the ivtslics botli of Uic teacher 
and of their peers. So the teacher sets up situations in viliicli the chil- 
dren are able to gain status and im^ntance through learning activities. 
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Children need the security of a rational understanding of dieir world. 
As they are helped to explore and examine the materials of science, 
as they are allowed to experiment and reason with these materials, 
they become much more sdf*assured and secure. They End new 
satisfactions in their accomplishments and can then go on to further 
learnings and further satisfactions. This is the reward of rational 
thinking. It is self-perpetuating. 

Motivation must be an inherent part of the unit which is being planned 
and taught It must be appropriate for both the subject matter con- 
sidered and for the age group for which it is being prepared. Most Im- 
portant, however, the motivating activities are an integral part of the 
unit and are not just preliminary busywork. 

\Vbat has been discussed holds for grade three or grade six or any 
other grade It holds (or a study of electricity or a study of how seeds 
germinate or any other science area. It holds for units that last two 
days or two weeks or for a whole semester. Sound motivating cxpar- 
Icnces are basic to good science teaching. 
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AN UPPER GRADE 

LEARNS ABOUT AWGNETIC FJELOS 



ChilJren can undcnla-nd theory, too. 





y USING CHILDREN’S INTERESTS 
IN THE SCIENCE PROGRAM 


A uzARD is a very interesting animal. Watching a 
chameleon or a skink as it lives in a classroom terrarium 
con be a fine educational experience. But a lizard arriving 
at school in a small boy s pocket can be disquieting, to 
say the least. IIow docs tlic teacher react when on 
ciglil-year-old comes running in clutching a skink in Lis 
small £st and dcliglitcdly waves it in the teachers face 
as he tells how it was sent to liim all the way from Arizona? 
And tlicre arc sure to be praying mantis cocoons, 
wonderful old wasps' nests, fossil and rock collections, 
tlurty*six different kinds of seeds, and one hundred 
thirty-eight horse chestnuts. Dozens of oUier tilings 
will come to class— birds' nests, insects, frogs, salamanders, 
and snakes. Tlicse specimens can fae valuable to tlie 
teacher in developing a science program. 

It might be well to refer to what has been said about the 
nature of the cliild. Remember Uiat he, like most other 
people, is a collector. In fact you might examine 
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yourself for a moment. ^Vlutl lave you done with your school 
projects and notes? Chances are tliat you have them stored 
away. If you look at tliem now, you will find tliem immature and 
of little except sentimental value. Yet you Irave kept tliem, prob- 
ably without having looked at tliem since you put them away. 
Tliere was notliing unusual in what yxiu did. 

Children liave been saving things for as long as there have been 
children. They have been carrying things to school for as long 
as they have been going to school. Just look in the pockets of 
an eight- or a nine-year-old. All kinds of things are to be found, 
from trading cards to live snakes. As cliildren progress from tlie 
self-centered and concrete thinking of early cliildhood to die 
more abstract and society-centered thinking of the nine- or 
ten-year-old, they become more and more aware of their environ- 
ment. Each thing that they see is new and challen^g. They 
must pick it up, examine It, save it for further study and con- 
templation. Truly, the world is full of exciting things that must 
be hoarded for future study. 

Children’s interests are as wide ranging and as manifold as (diil- 
drea themselves. They are profound or shallow, mature or 
immature, artistic or scientific, sports-centered, music-centered, 
hobby-centered, or natuie-centeied. Sometimes die interests last 
for a few minutes or a few hours. Sometimes they are persistent 
and last for days or even months. However, the important thing 
to note is that while these interests vary horn child to child, 
they do follow a pattern. First graders axe likely to be interested 
in trains, planes, ox animals. By (ouith or fifth grade there is 
often an interest in the stars and the universe. And by the sixth 
grade there is almost certain to be an interest in the human 
body and how it functions. 

Eventually, children begin to develop the lasting interests which 
will become the bases of tbeir vocations and avocations. As- 
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suming tliat Uio school provides tliem with opportunities to 
explore their interests, they will be more likely to choose among 
tlicir varied experiences and from their broad backgrounds of 
information those things which dicy wish to pursue as long 
range activities. 

With tlje wide scope of cliifdrcn's interests, the natural question 
follow’s: How can tlicsc interests be used in building Uio science 
curriculum? Ono of Uic essential criteria for including material 
can be stated as follows; Tlic needs and interests of children 
are a necessary basis for curriculum construction, but tlicy are 
not a suiTidcnt basis. In otlicr words, materials whiclr clearly 
help cluldrcn satisfy general or even spccihc needs should bo 
included iu tlio curriculum. But such materials will not be the 
only ones which ore included in a good science curriculum. Who 
over licard a group of cliildrcn demanding ti)at U)o sclmol tcacl) 
them about cooscr\'ation? Yet tlio school must also find on im< 
portaut place for that kind of topic, ft is incumbent upon the 
school to satisfy Uio demands of society. 

Can the school do boUi of Uicso fobs? Is there time in the scliool 
program for both Uic satisfacUon of individual interests and needs 
and for meeting Uio demands of society? The dilemma in Uio 
situation is more apparent Uian real. In fact, individual interests 
are a manifestation of Uio reaction of Uie individual to his en* 
vironment. Thus, since children do not live and grow in vacuums, 
the interests wliicli Uicy develop come from ciqieriences which 
they have had with the world. Any interest has boUi personal 
and social components. A youngster who becomes interested in 
fisliing is concerned with a personal aspect of Uio more general 
conserv'ation problem. Likewise, Uic youngster ivho becomes in- 
terested in collecting insects lias gained a personal interest in 
an area which lias social meaning. 

Thus, die teacher who takes children's personal interests into 
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account often finds that these interests build fuller and richer 
understandings of the general social problems which he must 
also include in the program. The variety of personal interests and 
experiences can lead to situations in wliich generalizations of a 
more social nature can be gained by the entire class. When 
children’s interests are respected and, whenever possible, related 
to the work of the entire class, then children are much more 
wiling, anxious, and able to leam. 

It is desirable that the children have a part in the selection of 
materials for the curriculum. This is a delicate operation. On the 
one hand, if the program is to have continuity and organization, 
it must have been planned long before the first day the children 
come to school On the other hand, cluldrcn are not passive 
pawns to be manipulated by teachers and made to fit into ft 
prearranged program. In the science class this problem can be 
met most eSectively by the teacher’s having a large framework 
within which he is going to teach, and several possible plans and 
courses of action which fit into the framework. Then as he be* 
comes a^^'are of the children’s interests and as he allows them to 
bring these interests into the classroom, he can adjust his over-all 
science program to allow for the ideas which come from the 
children. This gives real meaning to the curriculum both for 
the teacher and the children. The problems that are considered, 
the materials that are studied, the solutions that are found, all 
are more likely to be learned if the children recognize them as 
their own. 


USING INTERESTS 
AT VARIOUS AGE lEVElS 


'There are a number of techniques which the teacher ran use 
as he integrates the interests of the children into his over-all 
program. For example, at the kindergarten and first grade levels 
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Uie children are given opportunities to show their treasures to 
tlie group and tell about them. Tliis has come to be known as 
the "show-and-teir period. But by tlie time the cliildren reach 
tlie tliird grade, Uiis teaching device no longer serves and it 
should bo replaced by a discussion period which considers chil- 
dren’s interests and ideas. The teacher can use children’s ques- 
tions to determine some of their interests and subsequently fmd 
a place for tliese interests in the curriculum. Finally, tlie teacher 
often needs to stimulate new and wider interests in the children, 
and he may do this eitlier by tossing a challenging question or 
problem to the group or by introducing some of his own interests 
and experiences into the program. Eadi of diese techniques must 
be adapted to tlie particular teacher and to tlie needs of tlie 
group. Tho following descriptions sliow how these techniques 
may be used by teachers at varying grade levels. 

SHOW-ANO-TEU 

During the early school experience of children, when they are 
very much interested in tlie immediate, when tliey are inclined 
to bring their possessions in to share witli schoolmates, a very 
good leacliing device is the "show-and-tell” period. Tlie alert 
teacher who is interested in developing liis science program can 
use tliesc shared possessions to develop his program. Tills implies 
that the teacher has planned a curriculum tJiat is likely to be in 
line with the interests which tlie chOdren will have. Here is an 
example of one sucli situation in a first grade classroom. 

It is early in November and Miss Rysack has been hard at work 
studying her group ever since scfioof started. TTiey seem to be 
ready now to tackle a science unit related to tlieir needs and 
interests. Tlie school program has been set up so Uiat the first 
grade has five science units to cover, but tlie teacher may deter- 
mine tlie order in which they are presented. These units are: fish 
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and how Uiey live; seeds and how diey grow; animals and Iheir 
homes; toys and liow Uiey work; and electricity for doing jobs. 
Her choice of a unit developed as follows: 

A few days ago Ted had brought in some shells and had shown 
them during "show-and-tcr period. Slie noted that die children 
had been quite interested in die shells and that dicy played with 
them during their free time. She ananged a “directed show-and- 
tell period by asking if odicr children Iiad shells at home which 
they could bring to class. Susan and Jerry had some. Miss Rysack 
was deliberately structuring the period to concentrate the class’s 
interest on "animals and Uieir homes." 

M the class settled down. Miss Rysack came directly to the point 
Ted brought in a few days ago. 
Well, ti^ay I diouglit we miglit look at some more shells, jeny, 
do you have yours here? And how about yours, Susan? And you 
ring yours too, Ted. The three cliildrcn pass their shells around 
the group and Miss Rysack waits untU most of die children have 
had a chance to see and examine them. 


How many of you know what these shells are?" Ihe children 
Mve some n^ed ideas about this quesbon. Several children raise 
their hands. “These are sea shells." "Wlien I was at die seashore 
i^t summer I found some shells on Uie beach." “I think diey are 
hke pretty slonjis." “I think that there are Utde animals tliat live 
m the shells. But there aren’t any animals in them now. Any- 
Tj animals. Are there animals in diem now, 

Miss Rysack?- The cliildren look more carefully at the sheUs and 
can find no signs of living creatures. 

Now Miss Rysack introduces her or™ "show-and-teU" mateHal 
and focuses fte discussion with a leading qnesUon. "Have any of 
you looked at our aqnadum recendy? There is something in the 
aquanum which looks like these shells. Who knows what it is? 
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Yes; Judy?” “Tlje snail.” “Good, Judy. \VIjat does the snail do 
witli his shell? Tommy, can you tcU us?” “He carries it around on 
liis back and sometimes he goes into it.” "Tliat’s right, Tommy. 
Why do you suppose he does that?” Several of tlie children want 
to answer. “I guess it is like his house." 

Tlje interest of the cliildrcn has been aroused. Susan, Jerry, and 
Ted agree to leave tlieir shells on the “showing table" so that all 
may have further opportunities to examine them. In the course of 
the next several days a number of important things liappen. Many 
children wander over to look at the shells. Tliey examine tliem 
closely. A few cliildren hold them to tlieir ears to try to listen 
to tljem. Tlicy cany tlie shells over to the aquarium and compare 
tlrem with the snail Drawings of shells begin to appear in some 
of the pictures. Otlier children bring in shells. Finally, Susan 
arrives with a small turtle in a bowl of water. The time to capital* 
ize on tiris growing interest lias come. Miss Bysack decides to 
begin her unit on the study of “animals and their homes." 

In addition to Susan’s turtle. Miss Bysack has the snail from die 
aquarium. The group is brouglit togetlicr and the snail is passed 
around. Tlie discussion starts: “That’s liis home, isn’t it?” “Can 
he come out of that house and leave it and go back in?" "Does 
only one snail live in a shell, or do a mother snail and a father 
snail and all the baby spails live in the same house?” ‘TVhat do 
snails eat?” The questions give many leads for the unit, and Miss 
Bysack carefully notes them for later use. But she wants to take 
the unit in certain directions so she introduces the turtle. She 
holds it up for the cliildren to see and starts the discussion. “Did 
you ever see one of these?” Some of the cliildren Iiave, and as 
they pass the turtle around, she asks: “What kind of homes do 
turtles live in?” The discussion leads to a comparison of turtle 
shells and snail shells. Now Miss Bysack has her opening. She 
tells the cliildren of her plans to find out how animals live and 
about ftnima} homes. “Do you suppose tliat otlier animals have 
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tomes? Wial lend of a home does a rabbit bve in. or a squirrel? 

I f i'l Together, they 

pta for further study of the subject and end the lesson wiU. the 
deislandmg that Mas nysaclc »-ill have a film for the neit day 
about annual homes. Further, llte children are ashed to watch 

JavT"f w "'“T 

way to scliool tomorrow. 

Miss nysach has taken into account the childrens interests and 

But w, r ?”'TT f"' very much in mind. 

h n T T? Not at all. Suppose Ted lud not brought 

Z. ^ notl Uiat would Ime served Ure purpose just as weU. 

severl-S® “T’ have bad 

several possible courses of action. 

dm TOun%Z''“ ‘''r°^‘^ fooogoizo that he too is a member of 
^d.T e^u„“n“‘‘r.'''’f '>*■8 in things to show and slurre 

the LTeZ *0 teacher has brouglit in 

cmZ ne T i“™«i do™ U.e drroats of the 

hrSlif ,n rd'' "Z “ ohild had 

the same cantfnnc , ^ *e same respect but also with 

materials of any other m^rS^rTthf^lp" 

^tt' at:Xd™ r f 

taken to a park or a fcid or a sn^ wo''^™'’'"’ 
schoolyard. Their task wm,M woods or even only to the 

which could then be used fo “ateiials from nature 

® ^ program. Hius, if no child 
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brougl^t in an animal home. Miss Rysack could have taken the 
cliildren out to a place where they might find such homes. 

Or, Miss Rysack could provide a topic for the period. Tuesday 
could be science day. The diildren can be encouraged to bring 
in materials in a given area and can then be helped to become 
articulate about such materials. Such structuring is more and 
more important as the ciuldren get older. 


THE DISCUSSION PERIOD 


As tlie children mature, the "show-and-tell" period no longer 
serves its function. The children, being more able to discuss and 
use abstract materials, are ready for intellectual activities of a 
different kind. They still meet for a sharing of interests, but these 
meetings now are more likely to take the form of intellectual dis* 
cussions. Current events are important. Poetry and interesting 
prose which the children bring in also find a place in these dis« 
cussions. Of course, science has a most important place. 

The discussions cover a wide range. Sometimes, the talk goes 
to jets or artificial satellites or trips to outer space. Sometimes it 
revolves around personal problems like bedtime and how mucli 
sleep a cliild needs, or around foods and what you must cat to be 
healtliy, or around bicycle riding and consequent safety rules. 
Sometimes it involves a natural phenomenon which has piqued 
tlie curiosity of a child. "Say, Mr. Oates, did you ever stick 
a ruler into a fish tank and then look at it? How come it 
looks like tlie ruler is broken?" Or, it might be, "\Vliy do your 
cheeks get so red when you’re out m the coldp" Or, agam, "ttliat 
are tides?” Many varied interests are apt to come up in the 
discussion period. The teacher must be aware of tliem and must 
be ready to use them in his program when they are appropriate. 
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Some^es these interests can be considered summarily and 
then dropped. But sometimes they lead into a somewhat longer 
Study. Mr. Oates teaches fourth grade. He has plans for a major 
^t on conservaUon. But a discussion period leads him to side- 
track his main unit temporarily. Here is a brief descripUon of 
what happens. 


men we were flying out to Cincinnnti to see my grandmother. 
It started to rain. But the pilot flew the plane up to where it 
w^t raining.” Jifl brings this information to the group. Most 
of the children prick up their ears. "Go on, you’re nuts. It can’t 
be ranung down dose to Urn ground and be clear up higher,” 

M Po^iMe.” “It is too. Isn’t it. 

Mr. Oatesr The verbal batUe rages and the interest in the 
probta becomes widespread. Most of the children are cou- 
cemed enough to warrant spending some time on the problem 
of weather. So that is what Mr. Oates decides to do. 


u ** something that we can find out 

to a is we want 

’ r “P'"- H- word is being 

^ub ^ T W that it happened. I saw it. And my father said 
’*<’ "•“^er” Air. Oates 

we ■Oi’ 

hano»? Tt A ite question is, how can it 

out abo, t 1*'°“ “‘'“S'’ ‘ioosn’t it? Maybe we can find 

mavwl "-“aer and 

Sm cl hT ^ ‘a “ " •" “ ''■=o‘ierman and one of 

M “• 'Vo oan make a list of some 

wutL 'It '“'■o “swered. ’Then 

— - - - “ - 


“tLI r ask? The list might 
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1. ^Vhy does it rain? 

2. How can it rain at one altitude and not at another? 

3 . How can water get up into the air if water is so heavy? 

4. Can people make it rain or make it stop raining if they want 
to? 

5. How high up do the clouds go? 

6. Why are the clouds "dark?” 

7. \Vby does the pilot fly the plane "above’' the weather? 

Mr, Oates is not going to make this into a long imiL At most he 
will spend five or six days on it The subject, developed out of 
the Interests of one child, fills a need for information expressed 
by the class as a whole. As an alert teacher, Mr. Oates recog* 
nized this interest and capitalized on it After he lias satisfied 
the needs of tlie children, he can go back to his major unit, 
liaving done two dungs. First; he helped the children with a 
real concern. Second, he used their expressed interests to help 
them build an informational background. Botli of these axe 
important general education and science objectives and, because 
of tlie intensity of the interest, the children are not apt to 
forget easily the weather information they liave gathered. 

It is incumbent upon the teacher to evaluate the interests that 
tlie children bring to schooL Cursory interests need only cursory 
attention. A child who brings in a piece of slag and asks what 
it is does not want or need a long unit on mining and ore 
reduction. He just needs to know lliat this is a piece of slag. 
On tlie otlier liand, Jill and the rest of the class needed some 
more information. They could not be satisfied with a cursory 
answer of yes or no on tlie rain question, A few days spent on 
the subject, however, satisfied the needs of the class. Still other 
interests will be more lasting. They will fit into tlie curriculum 
which has been pkmned for the grade. Or, they will be of sucli 
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vital and sustained interest to the group that the previously 
planned unit may need to be replaced by one on tlie new 
material suggested by this interest. 

In any event, it is tlie teacher who will need to decide how and 
when to use any given interest He wiU need to evaluate Uie 
discussion of the group. He will need to see how often similar 
questions come up. He will need to determine whether one 
interest or another should be fostered. He will need to help 
individual children go on with their own interests if the class 
as a whole wiU not or cannot cany the interest as a part of the 
regular curriculum. FinaUy. he wiU need to make tire decision 
as to whetlier or not to replataj his previously planned unit 
with sometliing that has grown out of interests which have 
been expressed in tlie classroom. 


THE TEACHER'S ROIE 
IN DEVELOPING CHILDREN'S INTERESTS 


iss Hysack and Mr. Oates have watched their children care- 
Mly and liave capitalized on the interests wliich the cliildren 
brought to school. This is, of course, a prime function of the 
teacher. However, there are other funetions wliich the teacher 
must perform in relation to the personal needs and interests of 
r-ia Ihe teacher should encourage the 

luldren to expand old interests and stimulate them to develop 
new mteresls. ^ 


n the stirnulalron of old interests, the whole tenor of tire class- 

r™!hl 7 is tire teacher's 

concern* f n “’“U™ will bring in tlieir interests and 
nersoTt , ‘ “ ''““woom situation in whicl. 

oJer°a^ „ ' ^ “ “Portont part in the 

program. If cliildren have opportunities to work on 


92 



V; Using children's interests 


their interests, their hobbies, their personal projects during the 
school day, then tliey will find tliis kind of activity socially 
acceptable and, consequently, personally acceptable. If cljildren 
are allowed and encouraged to sliare tlieir interests witli tlie 
entire group, on tlie one hand tliey will be more ready to go 
on with individual studies, and on tlie other they will be 
introduced to new interests through their ejcposure to the in- 
terests of others. Furthermore, commending children for their 
interests and giving them recognition for the good work they 
do on their own is anotlicr important part of the teachers job. 
Thus, one important aspect of a good science program is that 
the classroom, through the teacher’s particular efforts, be “in- 
terest conscious." 

Beyond the tone whicli he sets for lus cl.assroom, tliere is tlm 
factor of the teacher’s own interests. Tlie cntlmsiasm die teaclier 
shows for his personal activities and the ways in wliich he brings 
his own interests and activities into tlie life of tlie classroom will 
be important in devcloxsing new interests in the cliildreo. Tlie 
wider the range of the teacher’s interests, the more likely he is 
to stimulate new interests in the children. Teachers cannot ride 
a single hobby, at least not as teaclicrs. They must be interested 
in many tilings and must be ready to carry the oliildren along 
witli tiiem in exploring lliese interests. Teachers must expect 
some of the cluldren to out-distance tliem by carrying tliese 
interests to new levels beyond tlie teachers own information. 
In fact, tlie teacher must encourage children to do just this. 

Children like to identify with adults, especially those whom 
they admire and respect. In fact, this mechanism of identifica- 
tion is ivJiat makes many teachers so eSective in the classtoom. 
It is an important part of good teacliing and tlie teaclier who 
encourages such identification will have many children accom- 
panying him on his explorations. The teacher who loves to 
build models can have some of the children building modek 
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Nvitli liim. The teacher who loves to biit can encourage children 
to knit with her. Tlie teadier who has interests in sports will 
have an enthusiastic group of youngsters who will also de- 
velop an interest in sports. The teacher who is entliusiastic 
about exploring astronomy or geology or omitliology or rocketry 
or atomics or any otlier area of science will find that many of the 
youngsters \vill be eager to go along with him. 

Finally, the teacher must challenge the children. He must dare 
them to explore now ideas. Carefully, thoughtfully, the teacher 
must whet the intellectual appetites of tlie children. 

*1 read in die paper diat there isn’t enough food for all the 
people in tlie world. I guess some people will Ijave to starve. 

Do you think it ouglit to be the Americans? Or should it be 
Uie Russians? Or should it be the people of Africa? Or maybe 
tlicre can be plenty of food so tliat everyone can have enough 
to eat? I wonder what wc can find out about this?” 

”]ust what are the dianccs of people visiting other planets? 

Of course, some people have said that men could go and visit 
oilier planets, but what do you think, and why do you 
think it?” 

"Thcro is a real problem in our town. Our stream is polluted 
and we can’t swim in it Is there anything we can do about 
this? Just what are the facts? How can \ve get accurate infor- 
mation about this problem?" 

"Just why does a satellite slay up in the sky? If I throw a ball 
up into tile air, it falls down. Why doesn’t a satellite fall to 
earth?” 

"People say that if you find something that you like to eat, it 
is certain to be bad for you. Is it true tliat all "good” foods are 
cither fattening or unlicaltby or both? Just what is a proper 
diet for people who are eleven years old? How much and 
what kinds of foods should they cat?” 

1 VO beard that there are thousands of different kinds of but- 
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tcrilics in Uie world. I'vo seen a good many butterflies around 
licru but I don’t Uiiak I’ve seen more than four or five different 
binds. 1 wonder just how many different binds of buUcrilics 
there are in this area?” 

Here ore half a dozen citalicngcs to a class, any one of which 
miglu start some of the children off on a nmv set of interests. 
Take Ute last one for example. How long would it be after a 
teacher presented Uiis problem to his cluldrcn before dozens of 
dilFcrent specimens would be brouglit into the classroom? What 
would happen if he helped tlicm make nets and the otlier ncceS' 
sary equipment for collecting and mounting butterflies? And 
then, if he took die children off on a field trip to collect speci* 
mens and used part of the school day to sort, arrange, and 
mount the specimens, ho would be well on lus way to starting 
many of the children along a new interest patln 

77irowiag out a challeng*^ however, has to be done carefully so 
that any projects tliat develop will liavc suiBciently diverse 
activities to utilize the talents of oil of the children. Some chil' 
dren like activities of on artistic nature. Others want to read 
or to explore new ideas. Still otliers like to interview people. 
HiQ good cliallcngc will allow the cliildrcn to answer it in a 
variety of ways. Not all people in a given class either can or 
should be made to do tlie same tilings at tlio same time. But tlie 
teacher must be certain that eacdi cliild has a chance to inves- 
tigate and leam new and wortliwliile material. Thus, the chal- 
lenge can be used effectively to stimulate interests and to 
implement the science program. 


USING A CHALLENGE 

IN A FIFTH GRADE STUDY OF GRAVITY 

Miss Elliot’s curriculum indudes a science unit for her fiftli 
grade based on tlie interests that this age group displays in 
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the earth, the sun, and the universe. She especially wishes to 
capitalize on their expanding ability to work with abstract 
concepts. 

It is discussion time. Various ideas have been of concern to the 
children for the past several weeks, but one of tlicm keeps com- 
ing up for discussion again and again: the idea of space travel. 
Many of the cliildrcn are beginning to read books on space and 
on related topics such as the planets, the stars, and the univeise. 
Of course, the maturity and understanding of each child will 
be different, but Miss Elliot feds that there has been enough 
common experience among the group so tliat she can chaDenge 
tliem with a problem growing out of tlieir discussions. 


hliss Elliot has tliree objectives in science for the next few days. 
First, she wants the children to understand tlie several meanings 
of “gravity.” Second, she wants to teach the children to “con- 
eeptualizo" an experiment in science. Finally, she wants to 
MTlain the orbiting of the moon hi the light of the two previous 
objectives. Here is her chaUenge and her lead into the science 
unit 


Joe, you said tliat you and jeny are going to he space pilots. 
But you need to know many things to be a pilot AU of you 
keep talking about space travel and satellites and flying to the 
tnoon and to Mars, but 1 wonder how much you know about 
those things. If I throw a ball up into the air. it falls down. 
TOry doesn't a satellite faU to earth? What makes it stay up in 
the sky? Once it gets up into its orbit, it doesn't have a motor 
to drive It the way an airplane does. Wliat keeps it up anyway?” 


Her challenge is the introduction to the topic. -The Earth, the 
Sky, md Us. Starting with the development of the concept of 
gravity, she plans through reading, discussions, trips, ejperi- 
ments, and other teaching techniques, to have the children for- 
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mulate generalizations about tlie vast universe and their places 
in it. Here are brief descriptions of the first three lessons of 
this unit. 

Children respond in varying ways to a challenge of the kind 
Miss Elliot used. Two of the boys start the discussion with 
these statements: “I don’t know for sure what keeps the satel- 
lites up, but I know tliat gravity pulls the ball down when you 
throw it up in the air. Anyway, that’s wliat everyone says.” 
“Sure, gravity pulls everything down to the ground.” 

But Margie is not so sure. "If it pulls everything down, then 
how come a satellite stays up?” Tliis, none of the cliildren 
can answer, but Miss Elliot is ready. “I think I know some 
tilings we can try wliich will help us understand the problem. 
Janet will you please com© up here? Now, Jan, first I want you 
to jump up in tlie air.” Janet takes several jumps. Miss Elliot 
continues: “Did you all see that? Good. Now, the question is: 
\Vhy does Janet keep coming down?” Several of the children 
again use the word gravittj and offer it as the explanation. But 
Miss Elliot is not satisfied with the answer without furtlier study 
of the word. "Will ail of you get out your dictionaries? Let's 
look up gravity. Do you know how to spell it? Jud, you spell 
it and I’ll svrile it on tlie board." 

In a few minutes she had a number of diUdren ready to give 
tlie various meanings of the word. From different members of 
the group, she elicits tlie information tliat the word has three 
meanings. As tlie cliildren dictate, she writes the following 
definitions on the blackboard: 

t. Gravity means an unseen lotce that pulls all things toivard 
the center of the earth. 

2. Gravity means a force that pulls all things together. 

3. Gravity means seriousness. 
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First, she makes certain the children understand the meanings 
by having them use the word in sentences. She starts with the 
third meaning and gets the sentence: “The gravity of ^va^ is 
known to everyone." Tliis meaning, she explains, is not related 
to the science they are studying, but she has the children note 
it for later use. 

‘^Vhat about the other two meanings?'’ Widi considerable help, 
tlie children come to understand that tlie first meaning, tlie one 
which explains that all things are drawn toward the center of 
the earth by gravity, can be explained best by saying that when 
Janet jumped into the air, she was drawn to earth by the force 
of gravity. In the same way, when a ball is tJirown into the air, 
it is dia'vn to earth by the force of gravity. 

The second meaning is much harder for the children to grasp. 
Miss Elliot tells them that the word gravity also is used to 
describe the force which draw's oil things together. She realizes 
that the children do not understand this meaning as yet, but 
she presents it to start further discusdon. She explains it more 
fully by saying that gravity is the force wrhich keeps the earth 
from getting further from the sun because gravity keeps the 
earth pulling on the sun. and the sun pulling on the earth. It is 
also the force w'hich keeps the moon bom getting further from 
the earth. The moon pulls on the earth and the earth pulls on 
the moon. 

‘Tes, Margie?” “Miss Elliot, that’s just what I meant before. If 
,gra\ity is a force which pulls all things together, then why 
isnt the moon pulled into the earth? And why isn’t the earth 
pulled into the sun? And why aren't all die planets and all the 
stars pulled to each other until they bang together?” “Yeah," 
says Judson, “that’s just what I want to know. How do all the 
planets and the stars stay apart if they are all being pulled 
toward each other?” Eddie continues the questioning: “And 
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does that land of gravity mean all things? Are people being 
pulled toward eacli other? And books and desks and 
everything?” 

Miss Elliot has begun to meet her first objective. Tomorrow she 
will review the meaning of gravity \vith the class, but now she 
is ready to attack her other two objectives. 

“These are all good questions. Let’s get bade to our experiment 
and see if we can find answers to them. Janet, wall you please 
come up here again? Now Jan, you have had practice in jumping. 
This time I want you to jump up off the floor and stay up.” Tlie 
class breaks into laughter. “No,” says Aliss Elliot, “I am serious, 
I want Janet to figure out a way of getting up into the air and 
not coining down." 

A buzz of ideas starts around the group. “You mean stay up 
forever?” “Ob, you can’t do that.” “Do you need something spe- 
cial to do this experiment?” After a few minutes of open dis- 
cussion, Miss Eliot restates the problem as follows “How can a 
person get up into the air and then stay up as long as he wants? 
You don’t need any special macliines or apparatus. Eveiylliing 
you need is riglit in tills room.” 

“Now, Jan, do you have an experiment to show us?” “I don’t 
know if it is an experiment, but 1 think I know how I can get 
up into the air and stay as long as I want.” Janet gets her cliair 
and sets it down in front of tlie class. Then she steps up onto 
tlie cliair. “There,” she says. Again the buzz starts. “She didn’t 
do anything." “She isn’t up in the air. She’s on tlie cliair.” “Yes, 
hut she is up higher tliaa she \vas." “Heh, does that mean tliat 
the moon is standing on a diair?” “Co on, that doesn’t prove 
anytliing.” Afiss Elliot brings the group back to tlie problem. 
"Let’s do some tliinking here. Remember what tlie problem was? 
How can a person get up into tlie air and then stay there as 
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long as he wants? Now, did Janet get up into the air?” The chil- 
dren agree that she has done so. ^^^ss Elliot goes on. “Can she 
stay up as long as she wants?” Again the children agree. “Then 
Jan has found one way of solving the problem.” 

“Now, here is your assignment for tomorrow. First, make sure 
you know what gravity means. Then, I want you to see if you 
can find some other ways of solving the problem. You must try 
to find a u’ay of getting up into the air and staying there as 
long as you want. Do you have any questions about the assign- 
ment? I’ll put it on the blackboard so that we liave it for our 
science period tomorrow.” After she writes the assignment in 
a comer of the board, she dismisses the class for a short recess. 

An analysis of this lesson brings out a very important teaching 
point The word “gravity” is not an accurate term when applied 
to the force which draws all objects together. Miss Elliot in her 
study of tlie term found tliat in common usage it had both of 
the science meanings which the children gave. However, using 
the language of the scientist, only the first meaning should be 
given to the word “gravity.” That is, gravity is the force which 
draws all bodies toward the center of the earth. The word which 
has the second meaning, the one whicli describes the force 
wliich draws all bodies together, is not “gravity” but “gravita- 
tion.” However, these hvo words commonly are used inter- 
changeably. Since tlie use of “gravity” for both meanings is not 
a serious error, .Miss Elliot does not disrupt her program and 
take the children’s minds from the major points she is trying to 
make. At the elementary school level, minutia and details can 
be avoided so that broad concepts can be established. Intro- 
ducing and do’eloping such detaUs is a function of more ad- 
\'anced education. This will come more and more as the children 
process through secondary school and college. 

Tim second day’s lesson takes up where the first one left off. 
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Miss Elliot starts with a review of tlje meanings of “gravity.” 
When she is satisfied tliat the class understands the word, she 
is ready to go on. “Now, what about the homework? Have you 
found other ways of getting up into the air and staying Urere 
as long as you want? Yes, Jim?” Jim walks over to the closet 
door and opens it. Then he jumps up and catches hold of the 
door frame. He swings from it with his feet hanging in the air. 
He stays Uiere for a few seconds and then drops to tlie floor. 
“If I were strong enough, I could hang up there as long as I 
wanted.” This is the lead that Miss Elliot has been anticipating. 
She is going to lielp the cliildren imderstand physical forces and 
she wants them to understand that Jim was using liis body 
muscles to eiert a force which opposed gravity. 

“Wliy did Jim get tired?” When a good proportion of tlie cliil- 
dreu liave an answer, she calls on one child. “Well, Carla, how 
Nvoiild you explain it?” “I tliink he gets tired because he lus 
to work to liold himself up." “Yliat’s rigljt. His muscles are work- 
ing to exert a force which holds his body up. Let’s find some 
otlier examples of Uiat” 

From the children, Miss Elliot is able to gather information 
about several difi^erent situations in which opposing forces 
occur. They talk about a tug-of-war and, using first two chil- 
dren and tlien four, she helps them to see that in a tug-of-war 
opposing forces tend to balance each otlier. One child suggests 
tliat the engine of a train sets up a force which is strong enough 
to pull a whole string of heavy freiglit cars. Miss Elliot points 
out tliat the cliair wliich Janet used exerted a force wliich kept 
Janet up in tlie air. Miss Elliot goes on. “1 tliink we are begin- 
ning to understand. Let’s see if wc can state tlie solution of the 
problem?” After some discussion, Uie children agree on tliis 
statement: “To get into the air and stay as long as you want, 
there must be a force which is strong enougli to overcome the 
force of gravity wliich pulls you to the eartli.” 
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Having settled tliis statement Miss Elliot is ready to go on with 
tlie next part of her unit. Now the dass is on the track which 
will lead to the study of planets, the sun, and tlie world of 
space. During the next day or two she plans to work with the 
cliildren on some graphic experiaices wliich will further clarify 
the meaning of gravity and will also introduce tliem to tlie con- 
cept of inertia. She gets a button and a heavy elastic band from 
her desk. As she fastens the button securely to the elastic band, 
she moves to a position at a safe distance but where all tlie 
children can see clearly. “I am going to swing tliis button 
around by the elastic band and I want you to watch what 
happens as it swings. Firs^ I’ll swing it slowly. Then I'll speed 
it up. Then I’ll slow it dowii. Now watch carefully." As the 
button moves more and more rapidly, tlie circle wliich it makes 
gets larger and larger. As it slows down, the circle gets smaller 
and smaller. The slower the button travels, the smaller the circle 
in which it travels. When the button is spun with a constant 
speed, the radius of the circle remains constant. 

Gradually, Miss Elliot draws all this information from the chil- 
dren. “Now what do you suppose there is tliat pulls tlie button 
in toward the center of the circle? Tliat’s right. It is the elastic 
band. And how about tlie force wliich makes it fly out farther? 
That is the force which my hand ^ves to the button. ^Vben my 
hand gives it a greater force (spin), the button travels in a 
bigger circle. 'Wlien the force is less, tlie circle is smaller. If it 
weren’t for the friction of the air which keeps slowing it down, 
once I gave the button a start it would keep on going forever in 
the same size circle until something eke stopped it. This is 
called inertio. About three hundred years ago. Sir Isaac Newton, 
a great English scientist, e^Iained that this is the reason the 
moon keeps going around the earth. He said that the combina- 
tion of tlie earth’s gravitational pull and tlie moon’s inertia 
keeps the moon in orbit.” 
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Here is Bow Miss Elliot uses her tliird science period. ‘Today 
we are going to do our science in a different way. This way is 
one that many scientists use when they cannot really perform 
die experiment. They do it in their imaginations. It is different 
from the experiments that we have done before because for this 
we need no equipment at alL Well just use our heads. We may 
use the blackboard too. We really don’t need it, but it will help 
us keep things clear. Now let us work in our small groups. First, 
let’s pretend that each group goes to a different place in the 
world. Let’s see now. Jeff, suppose your group goes to Sau Fran- 
cisco. And Mar^e, you take your group to Karachi, India. You, 
Jim, take your group to the South Pole.” Miss Elliot settles on 
several different places around ti»e world for each group to go 
in its imagination. 

"Now the Srst tiling that each group must do is to build a big 
tower. It must be very lugb. At least one hundred times as high 
as the Empire State Building. Yes, that would make it about 
twenty miles higli. Oh, I know that we really can't do that. 
But remember wliat I said. This is a nrnv kind of science work. 
It is a kind that we do in our imaginations and tlicre such 
towers are possible. Has each group built its tower? Fine. Now 
suppose eacli group takes a ball— a good heavy one— and drops 
it out of the tower. Just drop it Don’t throw it. What happens 
to the ball? Yes, Jim?” 

“It hits the ground at tlie bottom of the tower.” “Do you all 
agree? Is that what happened all over the world? Did all the 
balls liit the groimd next to the towers?” As the children indi- 
cate agreement. Miss Elliot goes on. “The next thing that I 
want eacli group to do is to throw the ball straight out from the 
tower. Don’t throw it loo hard. Just give it a good straiglit 
tlirow. Then I’d like each group to discuss among themselves 
what happened to the ball.” ^Vhen the children are ready to 
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report tlieir decisions, slio asks each group to appoint a secre- 
tary to draw on Uie blackboard tlie curved cartJi surface and 
tile tower for his group. When this is done, each secretary is 
given some colored chalk and instructed to show what hap- 
pened to the ball as it left llie tower. JciF draws a curved line 
from the top of tlie San Francisco tower to the ground. Jim lias 
a bit of trouble. He is worried about what “down” means at tlie 
South Pole. However, everyone finally sees that falling “down” 
at the South Pole means what it means any place else on the 
earth. It means falling toward tlic center of tlie earth. The cliil- 
dren's sketches look like these: 



San Francisco Karachi South Pole 


Miss Elliot continues the lesson. “Then we all found tlie same 
thing. When you threw the ball out straight, it curved off firom 
the tower and fell to the earth away from the bottom of tlie 
tower.” Again she gets general agreement. “Now take a cannon 
up to the top of the tower wUi you and shoot the ball straight 
out from the tower. ^Vhat happens now? Will each secretary 
draw a line to show how the ball traveled when it was shot from 
the cannon?” The children draw sketches of the balls moving 
out from the towers and down to the earth’s surface in \vider 
arcs than before. 

Miss Elhot makes sure all the children are following the experi- 
ment. “Well, is that what we all found? Did all tlie balls go 
hirther out but eventually land on the ground?” As the class 
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agrees. Miss Elliot aslcs an important question. “Why did the 
ball tliat was shot from the cannon fall furtlier from the bottom 
of tlie tower tlian tlie one tliat you tlirew? Tliat’s riglit. The 
cannon shot the ball with a greater force. The ball traveled 
further out from tlie tower even though it was constantly falling 
to tlie eartli.” 

“Fine. Now will each group fit its ball into a rocket? I want 
you to be able to shoot the ball straiglit out and you must have 
a tremendous force pushing it. All right. Let’s fire our rockets. 
Wliat happens to tlie rocket from tlie South Pole?” “We shot 
our ball up to AustraL'a.’* “Tliat’s not bad for a start How did 
the rocket work tliat was fired from Karachi?” "We landed ours 
in San Francisco.” “Now you’re getting there. Why don’t you 
people at the South Pole give it another try? See where you can 
get this time.” Jim pretends to fire the rocket. Then he says: 
"Hey) Did you see that? We lut the Nortli Pole. Now we redily 
are shooting.” “Good,” says Miss Elliot, “what do you tliink 
would liappen if you gave it even more of a push?” As tlie cliil- 
dren go on witli their reasoning, she has them draw tlie tia]'ec> 
torics of tlieir various shots and finally there is a trajectory of 
one shot whicli takes the boll more than three quarters of the 
way around the earth. 

"Now shoot it off still harder. What do you think will happen?” 
It becomes clear to tlie cliildren that tlie ball should orbit around 
tile earth. "Tes,” says Miss Elliot "When you shoot the ball 
hard enough, it keeps falling all the way around the earth.” 
Next she leads the cliildren to understand tliat if the ball were 
given a still greater velocity, it would spiral out further and 
further and further from the earth. 

She goes on to tell the children that in order for the ball to orbit, 
the force must be large enough to keep it traveling at a little less 
tlian five miles per second. "At that speed, Jim’s group could 
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come baclc from tlie Soulh Pole in about half an liour. And 
Margie's group could get home from Karachi in about tliree 
quarters of an hour. Tl^at’s very fast. You could go from Chicago 
to New York in tlurco minutes and you could go from New York 
to San Francisco in nine or ten minutes.’* After clarifying tlie 
meaning of these great speeds, she goes on to tell tliem tliat to 
make the ball escape from Uic cartli's gravitational field and &y 
off into space, tlie force must be large enough to give it a 
velocity of about seven miles per second. She also translates this 
velocity into terms tliat they can understand. 

As the next step. Miss Elliot asks: “Wliat would happen if some- 
tliing slowed down the ball while it was in flight?” It is clear 
to the children that under such circumstances, gravity quickly 
would pull tlie ball down. As tlie ball moves more slowly, Uie 
balance between its inertia and tlio gravitational force changes. 
A discussion of w'hat miglrt possibly cause the ball to slow down 
elicits the fact that the friction of the air would be sufBcient to 
do this. 

‘'^VIly do you suppose the scientists don’t orbit satellites at an 
altitude of only twenty miles? Let’s see if we ran find the reasons 
why tliey shoot them much higher than tliat.” Together they 
work out tlie fact that air friction in the denser atmosphere of 
a lower altitude would bring the projectile down much sooner. 
Miss Elhot points out that still other factors affect the projectile 
—the gravitational forces of the sun, the planets, and the stars. 
She also points out that there are tremendous problems in 
building up a force which will send a projectile traveling at five 
or more miles per second. Having made these points clear to 
the children, she is ready to go on to the summary of the lesson. 

Tlie summary includes the following ideas: 

1 . If an object is dropped from a high place, it falls directly 
toward the center of the earth. 
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2. ^Vhen an object Is tbro%vn straight out, it travels in an arc 
and is gradually pulled toward the center of the earth. 

3. If an obj'cct is thrown hard enough so that it travels at about 
five miles per second, it \vill orbit around the earth. 

4. If an object is thrown even harder, it will spiral out from 
the earth. 

5. The friction of the air can slow down an orbiting object 
sufficiently to make it fall to the earth. 

6. If the speed is greater than seven miles per second, the oh* 
ject will leave the earth’s gravitational field and fly off into 
space. 

7. Tire gravitational attraction of the sun, tho planets, and the 
stars ^^’ill also affect a satellite. 

Miss Elliot can go on witlt her unit in many ways. She certainly 
will want to review and interrelate tire experiments and discus* 
siODs of tlie tlncc lessons. She will want to discuss further the 
launching of man*madc satellites. Of course, slie will include 
the study of tlie orbiting of tire moon and of tire planets. She 
also has material for Individual projects. Children will want to 
find tire ans>vers to such questions as: 

1 . What is the difference between a star and a planet? 

2. llmv big are the planets and tho stars? 

3. \Vbat are tho dimensions of tho solar system? 

4. What are the evidences of life on the other planets? 

5. What are the problems of Iravding to the other planets? 

To stars? 

Of course, tliere will be the need for a well-planned culminating 
activity. Perhaps it will he a trip to a planetarium. Perhaps it 
will be a science-fiction play about space travel vvluch the class 
writes and produces. Perhaps it will be an exhibit of drawings, 
models or reports of the work on astronomy. In any event, the 
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children will have a chance to sum up their experiences botli 
so that they can clarify what they have done and so that Miss 
Elliot can evaluate the rmit and determine how far she has taken 
tliem in tlieir exploration of mans knowledge of tlie universe. 


Summary 


Childrens interests are a necessary factor in the determination of the 
curriculum content, They are not, however, the exclusive factor. Other 
materials growing out of the demands of society must also be included 
in the curriculum. 

There is an overlapping of the interests of children and the demands 
which society places upon the school. This is true because the chil* 
dren s interests grow out of the environments in which they live. While 
each child has individual and unique interests, there are suiBcieiit 
common factors among these interesU so that by studying the children 
and their communities, teachers can make sound plans for a science 
curriculum based upon what they can expect those common interests 
to be. 

Before using an interest that the diHdren voice, the teadier has the 
obligation to decide how widespread and how profound this interest 
may be. He may act in one of several ways. He may simply satisfy the 
interest quickly and go on with other work. He may make it the 
basts for a short unit He may use it for an individual project for the 
mterested child. Or, if the interest is wide and deep enough, he 
may develop it into a major unit , 

■ne teacher alio needs to aystalize the children’s vague interests and, 
through his classroom work, create new interests in the children. In 
tee former case, he needs to be aware of what the children are groping 
for in their questions and in their activities. In the latter case, he needs 
to help teem by throwing out diallenging questions and ideas to them 
and letting them cany these to logical conclusions. 
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The teacher needs to realize that interests, while important materials 
for the school program, are also personal things. Each child needs 
to bo encouraged to develop his own interests and to be given tha 
opportunity to carry on these interests for himself. 
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Tic 3£ is too much in our cultural heritage for each of us 
to learn, let alone leam from our ovvn experiences. 
Three or four hundred years ago an educated man during 
the course of his life span could come to know most of the 
information that existed at that time. Some of the very 
great minds of the sixteenth and seventeenth centuries 
were not only aware of all of man's knowledge but 
were even experts in many of the fields of human endeavor. 
Da Vinci, Galileo, Newton, and Samuel Johnson could 
all talk and write as experts in many diverse areas. 

Da Vinci was as great a scientist and engineer as he was 
an artist Even at the end of the eighteenth century, men 
like Franklin could be great scientists and writers as 
well as statesmen. Each of these men could try out the 
new ideas of his day. When Faiddin beard of tbe 
experiments done with electricity, he did not just read 
about them; he tried them ouL Through these experiences, 
he was able to add new knowledge to our ever 
increasing heritage. 


no 



VI: Using ref erencematerieHs 


But limes have changed. AVhat was considered special and ad- 
vanced knowledge during Uie nineteenth century is now a part 
of the common knowledge of almost all high school students. 
After all, back in tlie early cigliteen hundreds, geometry and 
algebra were college subjects. Arithmetic was tlie only required 
mathematics for admission to Harvard College until almost the 
middle of tlie nineteenth century. \Vbat was once the informa- 
tion and knowledge of only an educated few is now the curricu- 
lum of tlie elementary scliool. Because of the complexity of 
todays world, people now get a good share of tlieir information 
through means other tlian their personal experiences, 

The most obvious way of getting this information is reading. 
So many things that we need to know can be found in books 
and newspapers and periodicals that cliildren should learn to 
use tlicm elTectively. Furtliennore, there is anotlier important 
reason why children need to use reference materials. In many 
instances, the materials and equipment for carrying out personal 
investigations of a given phenomenon are so specialized and 
costly that schools cannot liavc the equipment available. After 
all, an elementary school cannot have a radio telescope or an 
electron microscope for its children to use. And even if these 
instruments were available, the children could not leam to use 
tliem. But the children can cope with some of tlie in/oranation 
whicli specialists liave gathered through tlie use of these 
instruments. 


READING 

FOR INFORMATION 

Tlie problem, then, is to help the children find tlie most effective 
ways of gathering science information through tlieir reading. 
Reading to gatlier information in science is really no different 
from reading to gather information in any otlier specialized field. 
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Just to review what is involved, consider the steps that must be 
taken to find special information: 

First, the student must be definite about the information he is 
seeking. He should know what specific question or questions 
he is answering. He should know something about the field 
he is examining and some of the general terms under which 
the information might be listed. For instance, he will have 
trouble looking up information about star clusters under 
“nebulae” if be does not know that this term exists. And it 
would be equally difficult to find infonnatioa about minute 
water animals without knowing such terms as "microorgan- 
isms" and "protozoa." 

Second, he must know, in general, the sources from which he 
can gather his infonnatioa. Ho needs to know what types of 
infoimatioQ he can find in dictionaries and in encyclopedias, 
other special reference books, newspapers and periodicals. 

Third, he needs to know how to use reference books. He needs 
to know about indices and about tables of contents and about 
finding the special sections of reference books which bear 
upon the topics of his concern. He needs to be familiar %vith 
die card catalog and other guides to reading. 

Finally, he needs to know how to read the special materials 
that are included in his topic. Are there special kinds of charts 
used in the materials which he is studying? Then, he should 
be helped to understand them. Are there special words which 
he ^vill come upon over and ovct again? He should be 
helped with this special vocabulary. 

Following these four steps can lead to some very important 
learning experiences. The teacher who is working with children 
in science can help them with reading skills. But it shoiJd be 
kept clearly in mind that reading skills are being taught so that 
the child can leam science not the other way around. The 
reading skills are tools. 
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SCIENCE 

VOCABULARIES 

Tlie teacher’s major responsibility as far as a science vocabulary 
goes is to help the children build clear concepts of what the 
words mean. Suppose a cliild comes across the word “crest” ia a 
book about birds. There are several ways in which the teacher 
can help him. Perhaps the most important tool for reading science 
material is the dictionary. The teacher may have the child turn 
to this first. Of course, cliildren start to use the dictionary very 
early in their scliool careers. The leadier, when he is teaching 
science, need only carry on what lias been done with this skill 
in other conte;tts. But cany on he shouldl 

The \vords of science are to be found in any standard dictionary. 
\VIien any word has meam'ngs other than its science meaning, 
the diildren should be encouraged to understand the various 
meanings of die word and to note particularly the science mean* 
ing. The word “crest” has several meanings, at least three of 
which can be related to science, but only one refers to birds. 
“Crest” can mean the top edge of a wave. Or it can mean the 
apex of a mountain ridge. Or it can mean tlie top feathers on a 
bird’s head. 

hfeanings of words are understood by children as they experi- 
ence what these words represent As noted before words, in 
Order to have meaning, have to be brought into tlie eiqjerience 
range of the child. What about “crest"? Hie best tiling would 
be to examine several birds and their crests. This can be done 
eitlier in Uie classroom or in a museum or zoo. If this is not 
practical, pictures are second best Helping children gain an 
understanding of the meaning of tlie science words tliat they 
find in their reading is an important part of every teacher’s 
work. 
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Then, tliere U Uie matter of spelling. Many words in science 
have diiBcult and peculiar spellings. A cluld looking for the word 
“buoyant” in a dictionary is most likely to look under "boy . . 
ShoiUd tlie teacher who wishes to help the child find such a 
word necessarily tell liim how the word is spelled? Not always. 
On the one hand, the teacher sbouhl not waste the child’s time. 
It is much belter to spell a word and go on from there than to 
spend a tremendous amount of time on a single word. However, 
the teacher must make tl\c decision. Is it more important at the 
moment that the child figure out how to spell a given word? 
Or is it a more valuable use of lime to tell tlie child how to 
spell the word and to go on to other things? Different situations 
will call for different actions. One thing is clear, though; the 
children can learn science words. Actually, many of the science 
words are easier for the chUdren to learn than are the small 
words that they encounter over and over in their reading. Leam* 
ing to recognize “dinosaur” or "elephant” or “generator” or any 
of the other big science words is much easier for children tlian 
learning tlie difference between "Urey” and "them.” 

Children need to be able to use the correct terms for the science 
experiences which they have. They can readily learn to call 
their instruments by their proper names and to recognize these 
names when they see them. The cliildren will be able to say, to 
read, to understand “binocular microscope.” They do not need 
to call it “the magnifying IhiDg” or “the two-eyed microscope.” 


PRIMARY GRADES CHILDREN 
AND REFERENCE WORK 


Children who are in die primary grades do not have the maturity 
or the necessary skills for reference work. But from the earliest 
school experiences on they should be aware that books can 
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furnish them with infonnation to increase their store of knowl- 
edge and that a library has many varied and useful sources of 
information. 

First graders will go to the library to ask the librarian for 
pictures of leaves or of kittens or of snowflakes or of dinosaurs 
Uiat tliey can use in tlieir classroom. Second graders will go for 
a bool: aa goJdSsh or Ztamsfers or magnets to help them with 
their science work. Even though many of tliese children have 
not yet mastered the skills necessary for tlie complete use of 
such books, they will be able to find pictures in the books wluch 
Iiave bearing on the problems wliich are of concern to them, and 
the teacher can read some of the information to them. It is 
very important that the children leant early about the many 
sources of information from which they can draw. 

As the children continue in the third grade, they approach a 
more formal use of tlie library for reference work. Now tliey 
will go to the library to find out what some book, otlier than 
tlieir text, has to say on a given topic. Or, tliey may go to find 
tlie answer to a particular question that has been raised. At 
first, tlie children will read what the book says and give a brief 
oral report to the class. As the children become more proficient 
in tlie use of language skilk, they should be encouraged to make 
brief written reports of their findings. First attempts are apt to 
be copied verbatim from the source, but, with a little guidance, 
children can leam to put the infonnab'on they read into their 
own words. Reference work at this level has two goals. First, the 
cliildrcn should realize that a library has much more infonnation 
in it than con be found in a classroom; even thougli tlicir oivn 
textbooks have some information on a given topic, there u 
much more to be found on the same topic in the library. Second, 
lliis information is found in varied resources: books, periodicals, 
pamphlets, maps, pictures, and the like. 
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REFERENCE WORK 

FOR INTERMEDIATE GRADES 

In preparation for reference work in the intermediate grades, 
several important things need to be done. Doing reference work 
is a learned, not an inherited characteristic, Cliildren have to be 
taught how to carry out tliis land of activity. Clearly, tliey must 
be at an age when tliey are able to read for information. 
The science topic chosen for reference work should be one 
which can be studied best tlirough tlie use of written material. 
The teacher must plan in detail the work that the children will 
do. Tliis means tliat he knows what experiences the children 
have had with the library. Cluldren who have had no previous 
experience svith doing reference work will flounder and be lost 
unless they are property introduced to Uie tecimiques. The 
teacher must know also what resources are available for tlie 
children, and with tlie help of the librarian he augments these 
resources if necessary. It is not enough for the teacher to pick a 
broad topic and assume that the cliildren can do reference work 
on it. In his planning, the teacher must determine the follow* 
ing tilings: 

1 . Is the topic suitable for reference work? Can it b© clearly 
defined for the children? 

2 . Are there sufficient and varied enough sub*topics for the 
children to look up? 

3. Are there sufficient reference materials so that all the chil' 
dren will have materials with which to v«wk? 

4. Are the reference materials written in language which the 
duldcea can t»d? 

Witli this background, here is the beginning work of a fourth 
grade using reference materials in the study of animals. 
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A FOURTH GRADE 
STUDIES ANIMALS 

Teaching a fourth grade class is an exciting experience. The 
children are very curious about everytliing amund tliem. I7ie 
world is their oyster, and they are ready and able to open it 
Mn. Handle’s fourth grade is no different horn others. For the 
most part, tliese children have mastered the basic skills of read- 
ing, and books have opened new vistas for them. Tliey want to 
know, to learn. 

From time to time in the primary ^des, they had experiences 
with the generalization, “There aro many kinds of living things 
and tljey are interdependent” In the Erst grade they had a 
pet hamster. They fed it and took care of it. In tlio second 
grade tliey had a tropical fish tank, and tliey watched tlie Ssli 
and snails and plants live together. Tliey learned some of tlie 
aspects of this science generalization Uirough their own personal 
experiences. 

Now they are ready to go beyond the classroom and the im- 
mediate community. Cliildren who Just a few short months ago 
did not know the difference between ten miles and a tliousand, 
between the town in a neighboring state and a town in Ciiina, 
can now discuss, and discuss with underslanding, events and 
places far from their own environments and from tlieir ovvn 
personal experiences. This is bolli on aid and a challenge to 
Mrs. Handle. On the one band, tlie children can do so many 
more things; they con study such new, interesting areas. But on 
the other hand, tliey need to be helped to develop this curiosity 
and to use the newfy learned tecftnnjcres fAaf they so praadly 
have brought into the intermediate grades. How mudi more 
science these cliildren can w'ork on nowl Tliis is Uie lime for 
reference work. 
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Mrs. Handle has prepared a unit on the great varieties of animals 
that live around the world. She is concerned particularly that 
the children begin to leara about how living things adapt them- 
selves to their environments. She planned her motivation care- 
fully and put up an interesting bulletin board wth pictures of 
several strange nnimals from different parts of the world. The 
bulletin board also has two challenging questions; Can you 
name these animals ? Do you know where they live? 

This unit is different from the other science units that the chil- 
dren have carried on because, of necessity, it involves reference 
work. Hamsters, fish tanks, and even small snakes can be brought 
into n classroom. But a panda or a Idnkajou or a w’allaby can 
come to the classroom only through the medium of books or 
through films and pictures. Furtheimore, the habitat of these 
ani mals canoot be brought directly into the classroom. Now, of 
course, fourth grade children are not expert readers, let alone 
experts in the use of reference materials, and ^frs. Handle’s 
j-oungsters are no exception. She realizes that it will be impor- 
tant for the children to develop their abilities in the use of 
reference materials. So, concomitant with her science goal 
(developing an understanding of how animal*; live around the 
world) is her goal of having the children learn techniques for 
doing reference work in the school library. She has prepared 
well for this reference work. With the assistance of Miss Gold- 
smitii, the librarian, she has studied the materials available and 
has made necessary additions to the collection. 

As she starts her science period, Mrs. Handle says: “How did 
you make out \vith the questions on the bulletin Ixrard? Do you 
know what those animals are and where they come from? Do 
you knmv this one?* She points to the panda. “Yes, George?* 
“That’s a panda and it comes from Cliina. I know because I saw 
it in my book about animals.* “That's righ^ George. It is a 
panda and it does come from China. But I wonder if any of you 
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know in what kind of a place in Cliina it lives? And what is a 
panda like? What does it eat? AVhat kind of homes do pandas 
have?” 

“I suppose that if we could, die best way for us to study about 
pandas would he for us to take a trip to China and go exploring 
in tlie mountains over there until wc found some pandas. Then 
we could watch them and Icam about them. And tliis animal is 
a wallaby. It comes from Austrah'a. 1 suppose we ought to take 
a trip down to Australia too and find some wallabies, but I'm 
afraid that some of your mothers and fathers would not let you 
have permission slips to go on such a long trip. So, since we 
can’t go to those far off places, I guess wo will have to bring 
tliose places to us.” 

"How do you think we can get these places into our classroom?” 
This starts a lively discussion and the children decide tlut they 
can find out about tlie animab and places where they live from 
three sources; museums, the zoo, and in hooks. ‘Yes, we are 
going to do a new kind of studying. It is called reference work. 
In this kind of work we try to find out the tilings we want to 
know by looking in books. Well find books and magazines and 
pictures about the places and animab in which we are interested. 
Then later, when we have found out as mucli as we can about 
these things, we can take a trip to the museum or to the zoo 
and see some of the animals. Now, let’s make our plans for this 
study. Just which animab should we study? And what do you 
think we ought to find out about them?” A Ibt of animab b 
prepared and each child, with Mrs. Handle's guidance, chooses 
the one he b going to study. Uien comes the next step, tlie 
“wliat” of the program. 

“Now tliat we each have chosen the animals we are going to 
study, let’s make a Ibt of the tilings that wo want to know about 
each of these animab. Remember to include sometliing about 
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the places where they live as well as the infonnation about the 
flnimalc themsclves. Yes, Jeny?* *^Ve could find out what they 
eat.” ”\Vhat do you thinly people? Is that something we want 
to Imow?” Mrs. Handle puls the question to the group. She is, 
by careful questioning and leadership, allovving the group to 
set up the reference problem. Of course, she, herself, will 
present some questions for the group to consider. Frequently 
chOdren are not aware of many aspects of a problem, and one 
of the roles of the teacher is to present these aspects to them. 
Together, though, the group sets up the questions to be 
ans^ve^ed. 

\ . What does tius animal Iflcit Uke? What color is it? How hig 
is it? What kind of sldn cover does it have? 

2. Where-in what part of the world— does tois animal live? 

3. IVhat kind of place is that? Is it a woods or a plain or a 
Jungle or something else? 

4. What land of food does this animal eat? Does it eat grass 
or meat or fish or something else? 

5. How does this animal get its food? Does it just find it grow- 
ing? Or, does it have to catch its food? 

6. How is this animal especially suited to live where it does? 

Does it have a special color so that it cannot be seen easily? 

Does it have a special coat or skin so that it can withstand the 
climate? 

7. Docs this animal make a special borne for its babies? Is it 
a home in a tree or in a cave or in the ground or someplace 
dse? 

8. Is there something very special and interestiDg that you 
can find out about this animal so that you f^T> tell it to the 
class? You might find a funny story about your animat. Or, you 
might Idl about sometfung specia) that thig animal ba» or does 
that no other one has or does. 
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Tliis careful definition of tI»o problem is very important. Tlie 
children know precisely what Uiey arc looking for and so tJic 
foundation has been laid for tlicir reference work. Tliey now 
can go on to tlie next step. Wljere does one look to find answers 
to such questions? Here is that part of the lesson. 

“Now Uiat we have tlio questions, how can wo get the answers? 
Why don’t wo take oao of tire animals tliat no one cJiose? We 
can all study about that one togctlicr, and tlien you will know 
how to look up the answer to tlie questions about tlie animal 
you chose.” She allows one of tiro children to make a choice 
and he suggests tlic cheetah. Except for the dictionary definition, 
there is no information about tire cheetah in the classroom. 
So, tliey go to the library. 

Tire entire class is gatlicrcd around a big table in the library. 
There are two sets of encyclopedias placed on the table so tlrat 
all tlie children cair sco them. Miss Goldsmith takes over tiro 
class while Mn. Handle stays in the background to help when 
needed. Using reference materials will require tlrat the cirildren 
have experience with using Uic indices in books. Now, while 
tliis is a language skill and is taught in relation to the language 
arts, the children will need to make use of Uiis skill in doing 
reference work in science, and practicing Uie skill is important 
to lliem. 

“I understand that you are looldng up information on the 
cheetah. Some of you have used tlrcse encyclopedias before. 
\Vlrich one of these books should we use? Of course, lire one 
that has a 'C* on the back. Elstirer, will you find *cbeetalr in 
tliis volume?” Estlier is given a copy of The World Book. “And, 
Jimmy, will you sco if you can find ‘elicclali in this hook?” 
Jimmy gets Uie "C” volume of ComptorCs. Esther soon has her 
reference, but Jimmy cannot find "cheetah.” Miss Goldsmitli 
knew that tliis would happen. Iho reference to “clieetah” in 
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Comptorts is ^ven imder die heading of leopard” and is in 
the “L” volume. She helps the class with this problem. 

“You see, sometimes we cannot find what we are looking for in 
the encyclopedia where we think it ought to be. So, here, at the 
back of each book is an index. In Comptons, the index for each 
letter is at the back of the volume of that letter. All the ‘Cs 
axe in the back of the volume and all the *DV are at the 
back of the “D’ volume. Cheetah starts with a ‘CT so look for 
it in the index of tlie 'C* volume. What does it say, Jimmy? 
Jim reads: “Cheetah— Volume L, page 196." Miss Goldsmith 
continues: “That means that we will find the information on 
cheetahs in the volume marked ‘L’ on page 196. Will you get 
that volume, Jean, and see what you can find?" While Jean gets 
the “L” volume. Miss Goldsmith explains to the class that in 
some sets of books the index is fcamd in the last book of the 
set Then she goes on. “Let’s bear what Esther has found. Read 
us what you have there, Esther." Esther reads the following 
material from The World Booh 

Cheetah or Hunting Leopard, is a large cat of the plains of 
Africa and Asia. It is three to feur feet high, and has a small 
head and a long, full taiL The cl^tah is yellowish in oolor, 
uith black spots over all of its body except the throat The 
body is so long and its legs are so slender that it is the fastest 
amm.il knoun for running short distances. Since the cheetah 
is so fast it chases its prey. It does not crouch and steal up on 
its prey. 

The skin of the cheetah is used fay some Africans to make 
clothes for their chiefs. The cheetah is tamed and trained for 
hu n ti n g in India. It is held by a leash and blindfolded until 
the game is seen. Mhcn the cheetah is freed, it TnaV«»5 a quick 
dash for the animal and holds it down until the hunters come.* 

*Rcproducc(l from ThtWorld Book Enev^opedia with pcniiisnon.81959 
by Field EoterpiUcs Educational Corporaben. All nghtt reserved. 
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Estlier also reads what appears under the picture of tho clieetaht 

The cheetah has blunt daws which cannot bo drawn back 
into the paw like the sharp daws of other cats. The cheetah 
can bo tamed and used for hunting game. 

When the reading has been completed. Miss Coldsmitli helps 
the children answer the questions. "Can we find out what the 
cheetah looks like? Does the book tell us about his color? Yes, 
Janet? Tliat’s right. The cheetah is yellow and has black spots 
all over him except on lus nedc Do you see how we do this 
work? We take one of die questions and look for the answer in 
the material that is in the reference book. Now, the next ques* 
tion that you have on your list is about his size. Does the ref- 
erence material tell us about die size of die cbeetaJi? Jeny, 
can you find anything about the size of the cheetah in tlie 
encyclopedia?” hfiss Coldsmith shows the cliildren how to use 
the inforniation they read and apply it to their study. She points 
out that while the encyclopedia gives a heiglit for the cheetah 
(three to four feet), it gives no length. On die other hand, the 
article states tliat the dicetali lias a very long body and a 
very long tail From this, it can be concluded that die animal 
is probably more than four or five feet in length. 

Tlie answers to questions hvo and three can be found easily in 
die material. But questions four and five, die questions on the 
food that die cheetah eats, give Miss Goldsmith a chance to 
reteach the use of the dictionary. The article in the encyclopedia 
gives no direct information about the kind of food diat the 
cheetali eats. But it does say, ’‘Since the cheetah is so fast, it 
chases its prey.” The word "prey” is new to die children. Miss 
Goldsmith has diem look it up in a dictionary and points out 
that a dictionary has die function of giving quick, precise, and 
relatively simple information about a subject or word. Here is 
the definition of “prey” wliich they find: “an animal hunted or 
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seized for food: Mice and birds are the prey of cats ” The chil- 
dren now can assume tliat the cheetah must chase and eat 
animals. The use of the dictionary is very important, and Miss 
Goldsmith makes a strong point of it witli tlie children. 

Questions six and seven also are very important in the lesson. 
The answer to neither of these questions is to be found in tlie 
material which Esther read hnm The World Book. The answer 
to question six, the one about environment, requires tliat the 
children do further reference work on the nature of the plains 
coxmtry of Africa and of India. The other question, the one 
about the kind of home this animal makes for its babies, requires 
further references also. Some of the children try to guess the 
answers to these two questions, but Miss Goldsmitli helps the 
class understand that what they roust do is find the answer in 
what is written and not just guess at it The children find several 
interesting stories which they can tell in answer to the final 
question. Some want to tell of the cheetah as a hunting animal 
Otirers want to tell about the use of tlie cheetahs skin for 
clothing for African chiefs. Still others think tliat it might be 
interesting to compare the cheetah with some of the other cats. 

Now, Miss Goldsmith comes back to the questions which could 
not be answered from the infonnation which the children read 
on cheetahs. The children suggest looking in the other encyclo- 
pedias. This they do, but they find that the other encyclopedias 
give them little more than they found originally. “What do you 
tliink we ought to do now?” asks Miss Goldsmith. With some 
careful questioning, she guides the cliildren to seek further in- 
formation in special books on animals. Books about animals 
around the world, about animal homes, about how animals care 
for their young, etc., are all available. Many of them are well 
written cliildren’s books. Some of them are adult books, but the 
better readers can cope with these. From such books the children 
can obtain the answers to the remaining questions. 
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"I understand that each of you has selected an animal to study. 
Suppose we just list the steps that you must take in order to do 
your reference work.” The group working together makes up the 
following list: 

1 . Make a list of tlie questions that you would like to have 
answered. 

2. Look up tho topic in an encyclopedia and study the infor- 
mation which you find. 

3. Try to answer as many of the questions on your list as you 
can from the information which is given. 

4. Look up the words you do not understand in a dictionary. 

5. Questions which are not answered by one encyclopedia can 
sometimes bo ans\vered by the material in another. 

6 . Questions that cannot be answered by using the encyclo- 
pedias often can be answered by looldog in special books or 
other printed matter on the topic you are studying. 

This list of teclmlques for using reference materials is sufficient 
to Serve the needs of the children in tlie intermediate grades. 
Using these suggestions, Mrs. Handles children are able, to a 
greater or lesser extent depending on the ability of Uje individual 
cliild, to go ahead with their studies of animals. Of course, both 
Mrs. Handle and Miss Goldsmitli help each child as he needs 
help. The slower readers are guided to simpler materials. The 
faster cluldren are steered towards those materials which can 
challenge them. 

The above credences have been telescoped. In introducing 
any new study, tl;e teacher necessarily sets a pace deliberately 
fitted to the needs of the group. The lessons which have been 
described may take three days or a week or even two weeks. 
Learning to use these reference materials takes time. Dont 
rushl 
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A SIXTH GRADE 
STUDIES THE ICE AGE 

As cbildren have the opportunities to explore problems through 
the use of reference materials, Uiey become more and more 
proficient in the use of these materials. Just as with other skills, 
they can add more complex teclmiciucs to their reference work 
as they mature. In particular, they can be helped to set up their 
own reference problems. And tliey can be helped to use all the 
facilities which a library offers to lliose who need to find infor- 
mation. They can leam to use tlm card catalogs. Tliey can learn 
the use of cross referencing to extend their field of study. In 
brief, they can leam important basic techniques in using ref- 
erence materials that Uiey will need to use for the rest of tlieir 
school careers, and that some of them will need for the rest of 
tlieir lives. 

Tlie development of reference problems for a sixlii grade will 
take tlie teacher and tlie class througli many of the same pro* 
cedures tliat were used with the fourth grade. Certainly, the 
teacher will need to examine the facilities of the library in the 
areas where the research is to be done. Of course, the children 
will need to be properly motivated. And a review of the hbrai>' 
techniques already learned by them is quite necessary. Again, 
it is very important to remember that the purpose of this ref- 
erence work is to leam some science, in this case to work on 
tlie generalization, "The eaitlis story, its history and current 
condition, can be read from its rocks, soil, and waters.” The 
reference work only helps the chfldren move towards the goal 
of undentanding this generalization. Mr. Jennings is working 
with his sixth grade. See how he goes about it. 

"I want Anita’s committee to go up to the Ubrary now. Mrs. 
Taylor is expecting you. She is going to help you find materials 
from which you will be able to get the answers to the questions 
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tl)at we asked about t])e Ice Age. Don’t forget to take your b’sts 
of questions. And, don’t forget your notebooks and pencils.” 

Six children, carefully selected so that they can work togetlier 
and can profit from the special instruction wliicli Mrs. Taylor 
and Mr. Jennings have plarmed for tliem, leave for the library. 
Each of Uiem has a list of questions wliich has been prepared 
jointly by the committee and Mr. Jennings. Tliis committee is 
working on “The duration of tlie Ice Age and its various ad» 
vances and recessions.” They Iiave questions like tliese to answer: 

1 . How do scientists know that there was an Ice Age? 

2. How have tli^ been able to date die beginning and end of 
the Ice Age? 

3. How do they know that there were several advances and 
recessions of the glaciers? 

4. ^Vhat conditions existed in North America during on ice 
advance? 

5. What conditions existed in North America during an ice 
recession? 

6. Were the advances and recessions taking place at tlie same 
time all over the world? 

Anita’s group is a very capable group. Tliey are going to be able 
to do more advanced work than the rest of tlie class. By the 
sixtli grade, tliere are wide divergences in the abilities of the 
children to work with abstractions. Mr. Jennings has planned 
for tliese divergences, and this group will receive help on the 
level at wlilcb they are capable of worldog. They mV use many 
books and material of an advanced level. 

Mrs. Taylor is waiting for tlie group. She has cleared this period 
completely to work witli the children because she is anxious 
to help them leam how to use the library more fully. Tliere 
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is nothing quite so frustrating as to look for something in a 
library and not to be able to find what you need. She will go 
over library resources with each group of children carefully and 
will give each group as much help and as many techniques as 
the group is ready and able to use. 

Mrs Taylor lias the six cliildrcn sit do\vn around one of tlie 
library tables so that tlicy can discuss their problems. It is im» 
portant to keep tlie size of the groups small so tliat each cliild 
^n have an opportunity to W'ork utth tlic reference materials. 
I understand that you arc working on the Ice Age. Now, where 
will you look first for materials? Tlic encyclopedia is a good 
starting place, but for you, it is only tlic start. Wlicrc 'vill jiiu 
look after that?" From the group, she receives tJie suggestion 
that Uiey can find a bibliography at llic end of the cnc>'clopcdia 
article. 

“And, wliat do you do with dial list of books?" Now the chil* 
^en are referred to the card catalog. Of course, diese cliildren 
have had previous experiences with die card catalog, but they 
review the fact tliat there are dirce headings under ^vhicll mate- 
rial can be found: Author, Tide, and Subject. “You can look 
up Aese books in the catalog and see which of them we have 
m *e Ubraiy. You know that when you find die card for a 
book you can copy down die caU number and then, using the 
number, you can find the book on the shelves. Mrs. Taylor gets 
out some of the file cards and reviews for them the infonnation 
that they wiU find on the cards. Tlie catalog contains either 
^ple cards which she has ^rped herself or the H. W. Wilson 
Company printed catalog cards for childrens books. She also 
pomts out where the sdence books, the “500s,” are kept in 
the library. 

After you have found these books, where wiU you look for 
further mfonnationr Here, Mis. Taylor is after two things. First, 
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she elicits from tlie cluldren the fact tliat they can use pamphlets, 
the picture file, almanacs, atlases, and current science mag flyin f;. 
But, even more important she gels them worlcing on cross-ref- 
erencing to expand their search. '“The thing you need to do now 
is to find other headings to trace. Your topic is *1116 Ice Age.’ 
After you liave looked that up in all tlie possible sources, what 
other subjects should you look for?* Together, tlie children make 
a list of possible headings relating to their topic. Here is their 
list: 


Cave Men 

Iceberg 

Iceland 

Geology 

Glacier 


Clader Nabonal Park 
Prehistoric Animals 
Alaska 
Antarctica 

International Geophysical Year 


"Now that is quite a list But if you want to add to the list, 
where can you get some other Ideas? Yes, that’s right. You con 
get some further ideas from Uie articles in the encyclopedias. 
But, did you know that you also can get some cross-reference 
ideas from the cards in the card catalog?" Mrs, Taylor shows 
tlie cliildren some of the cross-reference and tracing words on 
one of the cards. 


Willi die completion of this discussion, Mrs. Taylor has the 
children go to work on finding tlic answers to their questions. 
As die cliildren use die various materials, she ivatclies and helps 
them. Some arc steered to more diificult materials, some to 
simpler diings. Some are simply asked a leading question or 
two, some need to be shown spedfically how to find the par- 
ticular book whicli can give Uicm certain information. Each 
child, diougli, is able to go alicad at Ills own rate and each is 
able to solve his own problems. 

Mr. Jennings, meanwliile, lias been working with die other 
rlii ldr**" They, too, will come to the library to use reference 
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material and will have tlie same kind of experiences as Anita’s 
group. Each group will receive the special help Uut it needs. 
The less able children sviU be ©ven more resdesv, more Umo to 
work with simpler materials. The specific topics assigned w0 
also reflect the varied interests and abilities of the cliildren. 
Some will work with simple children’s books, some with adult 
encyclopedias and geology texts. All, however, will do reference 
work. All will report on their findings. Tlvcse reports will come 
in Uio form of pictures, in the form of oral statements to Uie 
class, in tlie form of written materials. And, Mr. Jennings will 
insist on knowing tlio sources of information: “Barbara, where 
did you find out about those cavo dwellers? No, it’s not enough 
fust to say that you found it in lire cncj’clopcdia. We must know 
wluch encyclopedia.’* /\nd, “Martin, you must know which book 
told about tho mammoUis. Because tlicro are so many diflercot 
sources of Information and they all don’t agree, wo need to tell 
wliero our information comes from.” 


Summary 

Using rcfercoce materials is the first step in developing research 
techniques svith children. Ilcscarch svill be on important tool for these 
children. It will combine wbat they have learned about gaining in* 
(ormatioQ from authorities with what they have learned about setting 
up problems, establishing tentative hypotheses, testing their hypoth- 
eses with experiments and drawing valid conclusions. 

But reference work will have validity in and of itself. As tlie children 
become concerned with and interested in tlie wider world which they 
cannot reach tlirough firsthand experiences, they will want to work 
with books and with other reference resources. As these children 
come to the important intermediate grades period— the time when 
they are so anxious and willing to learn new tilings— reference work 
will be very satisfying and valuable to them. 
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Finally, teadiers must rcmcmba* tliat reading, whether it be from an 
encyclopedia or from a hook of any other kind, is a tool. It is tlio con- 
cepts the child leams that are important. The skills wliicb arc gained 
wliila learning these concepts are all to the good. But, eventually, 
what must come from sdence lessons which involve tlie use of bbrar}' 
skills is a knowledge of the science conc^ts that aro being studied. 



\TTX MEASUREMENT AND 
Y 11 QUANTITATIVE CONCEPTS 


Some teachers may argue Uiat the old fashioned education 
had some real advantages. At least Uie cliildren did 
not ask impossible questions* Not out loud, anyway. But 
these days, you never can tell wliat cliildren may ask. 
"What makes tlie leaves change color?” “How big is 
an atom?” “How many stars are Uiere in tlie sky?” 
“How far away is tlie sun?” And, worst of all, “How do 
you know?” 

Answering questions for children is one part of a teachers 
business. As we said before, it is very important that 
cliildren find out how to ans'ver questions for themselves, 
but sometimes their questions must be answered 
directly. Teachers can respond in many ways to the 
questions that children ask. Of course, they can squelch 
the children. If children are made uncomfortable enough 
when they ask questions, soon they will ask no more. 

Or their questions can be evaded, but children soon see 
through this sham, and what they learn from this kind 
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of response is the dubious art of deceit. Or teachers can answer 
questions with very special and practical responses. To tlie 
question, “How far away is the sun?” tliey can answer, “93,000,- 
000 miles.” And to the further question, “How do you know?” 
they can say, “I read It in a book.” SucJa replies give out infor- 
mation without helping duldren to find ans\vcrs for tliemselves. 
Make no mistake about it, sometimes all that is wanted and 
needed is specific information. Sometimes the important thing 
to do is just give out tlie infonnation. Sometimes it is the only 
tiling to do. Sometimes it is the best thing at tJie moment be- 
cause there are otlier immediate goals to be attained. 

Suppose, however, tliat Uie teacher wants to help the cliildren 
work out some new concepts. Suppose tliat he wants to help 
them build up new ideas about tlicir world. One of tlie areas 
that must bo worked on is that of quantitative Uiinking. So much 
of die modem world can be understood only in terms of quan- 
tity and its related ideas that teachers must help children witli 
tliese concepts— quantity, intenrelationships, and dependence. 

THE EVOLUTION 
OF QUANTITATIVE IDEAS 

“Ontogeny recapitulates phylogeny" is an old scientific adage. 
The development of quantitative ideas and concepts in a cliild 
might be understood better if tlie development of some of these 
concepts in mankind was examined. Of course, no one can be 
sure, but this is what probably Jia^iened. 

As civilized man came to be, he faced very practical problems. 
He needed to count and to measure. He needed to survey and 
to build. Anthropological findings indicate that early men did 
these things very well indeed. The people of Babylon had a 
number system which served them well even in the most com- 
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plicated accounting. The people of ancient Eg>’pt measured and 
built the most complex buildings with an accuracy that would 
put many modem builders to shame. The base lines of the Great 
PjTamid are off by less than an inch in a total length of 7535 
feeL That is some engineering! 

But these people were keeping books and erecting buildings. 
They could work with things like “15 goats” or “triangular fields,” 
but they could not work with ideas like “fifteen-ness” or “tri- 
angles.” The first records that have been found of work with 
"ideas” come from the ancient Greeks. Thales of Miletes and 
his foUmvers, Pythagoras and his disciples, and Aristotle, o\er 
the course of several hundred years, brought us to the begin- 
nings of what is called science, when they led us into the area 
of the abstract Instead of stud)'ing numbers as related to things, 
they studied Uic concepts of the numbers themselves. Instead 
of $tud}iag triangles as related to fields, they studied the abstract 
notion of the triangle itself. Tlicn, when they went back to a 
study of the actual field, they could bring to bear on their study 
all of Uic information of a general character which they had 
discovered. 


QUANTITATIVE IDEAS 
FOR CHILDREN 


This, then is the course that needs to be followed witlr children. 
Tliey need to be helped to pull from their daily and common 
experiences those areas which can be idealized. They tlien need 
to be helped to generalize from these ideas. Finally, tlicy need 
to be helped to take tlicir geocializcd ideas back to real situa- 
tions to increase their understanding of tlie world. 

Tlicre arc llirce distinct areas into wluch quantitative ideas 
tilL First, there is numcralioD. Since tlie first cave men counted, 
since our primitive ancestors started using sticks and pebbles 
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and fingers for such activities, men have been enumerating their 
oSspring, their possessions, and their problems. This task still 
faces man today. But now he can use the tools which have been 
developed over the centuries and by many different peoples. 
Today, what is called the Arabic Nunaber System— the one which 
we use and take so much for granted— is the basic counting 
tool. It is such a wonderful and useful tool! Children must be 
helped to understand it, to appreciate what it can do for them, 
and to use it well. 

The next area is that of interrelatedness and dependency. The 
relationships of natvunl and of man-made phenomena are ex- 
pressed in many ways. But the tool that has been developed and 
used over the past several centuries which best satisfies man's 
need to express and understand interrelaled ideas is algebra. 
Be careful not to bridle. Truly, algebra is a simple and easily 
comprehended subject. You can make sense out of it, and chil- 
dren can be taught to do so too. Algebra can express, in a few 
symbols, many very long and complex ideas. Look at just one 
simple example; 

A=i'l>b 


Tliis simple statement replaces the following paragraph; 

To find the number of square units contained in an endosed 
figure which has three sides, multiply the munber of iinits of 
length of on© of the edges by the number of units of length in 
the line dra>\'n perpendicular to that edge from the comer 
opposite that edge and then take half of the product thus 
obtained. The result of this arithmetic process will always be 
the square units contained in the figure, or its area. 


Quito a statement, isn’t it? Yet that is what tlie simple formula 
say's. And that is what formulas or mathematical statements of 
relaliousliips can do. Tliey caa be used to express, simply and 
clearly, wliat cannot be said as well in hundreds of words. 
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Tliey can be used to shov^ the relationships which exist between 
weiglit and cost; between time traveled, rate of speed, and 
distance covered; between area, lengtli, and width; between 
energy, mass, and tlie speed of light; between two or more 
interdependent variables. Cluldren must be helped to see how 
this tool can serve everyone in an understanding of this com- 
plicated and interdependent world. 

Finally, there is the idea of size. For this, the science of 
measurement, including geometry, has been developed. There 
are so many impressive concepts here, and so many fascinating 
instruments to learn about and usel Tliere are, of course, rulers, 
scales, and protractors. But there are also other measuring de- 
vices: thermometers, barometers, \vind gauges, micrometers, 
revolution counters, and dozens of other devices for making 
comparisons of what needs to be measured with some knov'ti 
standard. And as this measuring is done, children can go from 
wliat is common in their experiences to what is far from them. 
They mtist leam to comprehend tlie very small and the very 
large. First, they leam one inch or one yard or one pound or 
one ounce. Then, they can go off both in tlie direction of one 
mile, one ton, and even one light year, or in the direction of 
one grain, one microgram, and even one angstrom. 


LEARNING QUANTITATIVE CONCEPTS 
THROUGH UNDERSTANDING 


These abstract quantitative ideas have been the nemesis of many 
a student Over and over, mathematics and science have been 
cited as the causes of school difficulty, the hated areas of study, 
the reasons for dropping out of schooL Furthermore, high school 
and college teachers tell us that many students who come to them 
are unable to function in these areas. The levels at which 
people function in science and mathematics will vary from indi- 
vidual to individual. But more people could become adept in 


136 



VII: Measurement and quantitative concepts 

tlie use of abstract materials If they had better learning expe- 
riences from their earliest formal education on. 

In arithmetic, a child who studies about how to find an area 
by working out so-called problems with the formulas he has 
memorized knows little of the meaning of “area.” He is not 
likely to tmderstand that to measure an area ineans to find the 
number of squares of a certain size found on its surface. But the 
child who uses area for practical problems— for buying screening 
for a cage, for measuring a surface for paint, for fitting materials 
onto a sheet of paper, or for making a dog house or building 
a boat— is much more ready to accept generalizations on special 
relationships. From the everyday, the practical, tlie specific, to 
generalizations, to conception— that is the w’ay children learn 
most readily. 

Or consider a simple problem like this: 

324 

X26 

I§44 

ets 

84 ^ 

Most people can do this problem easily. They beamed’* the for- 
mula for doing it at about llie fourth grade level. But tliere are 
few who ran explain what they do. Exactly what is done in such 
a problem? First, what is the problem? It asks’ the question: “If 
tliree hundred twenty-four is taken twenty-six times, what is tlie 
resultant siun?" There are several ways of finding the answer. 
For eiampre, this could bo done by the conttaaoos addition of 
ones until enougli of them had been added togetlier to make 
t>venty-six “324’s.” A shorter but sh'ghtly more difficult way would 
be to add by fives. Even shorter would be to add by tens or pos- 
sibly hundreds. This is what the Roman systems did and wlut 
many modem systems such as the Japanese and Chinese systems 
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still do. But these systems are quite cumbersome and difficult to 
use with large numbers. Tlie answer to this same problem in 
Boman numerals is: 

VMMMCDXXIV 

And, getting this answer is tedious, to say llie least. But the in- 
vention of the Arabic decimal system made this kind of problem 
easy enough for fourth graders. The rules of the system are 
simple. The combinations can be memorized, especially if the 
student lias good reasons for such memorizing. Using tliese rules, 
the original problem becomes three simpler problems. It becomes: 

1 . 3^ times 6 

2. 324 times 20 

3. The sum of the answers to the two previous problems. 

The first part of the problem is: 

324 

X8 

Why? How does it happen that tlie numbers are written in this 
order? Analysis shows that what has been done is to put the 
rules of the decimal system to worfc. 

According to the decimal system, 324 is 
three hundreds, two fens, and four ones. 

Thus, rewriting the pidblCTi with lines to 
separate the di^ts, we have the following: 

The first step is six times four ones, which 
makes twenty-four ones. But, a^in, accord- 
ing to the rules, twenty-four is two tens and 
four ones: 
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thou- 

hun- 




sands 

dredi 

; lens 

ones 

The next step shows that six times two fens 



2 

4 

makes twelve fens. This is tme hundred and 



X 

Q 

two tens. Putting these into their proper 



2 

4 

places produces: 


1 

2 




3 

2 

4 

Finally, six times three hundreds gives 



X 

6 

eighteen hundreds, or one thousand and 



2 

4 

ei^t hundreds. Now the problem looks like 


1 

2 


this: 

1 

8 



Adding these together, ive get one thou- 
sand, nine hundreds, four tens, and four 





ones: 

1 

9 

4 

' 4 

In the same way, doing the second part of 
tho problem (324 times 20) yields six 
thousands, four hundreds, and eight fens. 
There are no ones; 

+ 6 

4 

8 


Adding shows a total of seven thousands, 
thirteen htindfcds, twelve fens, and four 
ones. Using the rules of combination again 
we change this to the usual answer: eight 
thousands, four hundreds, two fens, and 
four ones; 

8 

4 


4 


It takes long to etplain tlio proHcin Uiis u'ay. It requires patience 
and understanding to devc!<^ such ideas widr children. But it is 
worth file efifort. It explams an abstract concept. It makes for 
true learning, tlio kind of learning that is not easily forgotten. 
Tills is Uic kind of reorientation to mathematical ideas wliich 
elementary school teachers must make. First, the teachers must 
do it for tlicmsclves. Tlien, they should do it with their students. 
It is a job tlzat can and must bo dtme. 
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PRINCIPLES OF LEARNING 
RELATED TO QUANTITATIVE IDEAS 


Let us now examine some of the problems involved in this kind 
of teacliing and some of the teclmiques for helping children de- 
velop these quantitative ideas. 

Effective teaching comes from an awareness and understanding 
of what is to he taught. Perlraps tire most important reason why 
it has been difficult to teach quanUtative measurement to cliildren 
is that few teachers have gone at the task rationally. They have 
not set up systematic plans and carried tliem througli logically 
over a long period of time. Here are some of the basic principles 
which a teacher must rmderstand if he is to be able to help 
cliildren learn abstractions of a quantitative nature: 

1 . People generally, and children especially, learn within the 
context of their previous experiences. New things are learned 
by building them into a previous set of experiences. The mean- 
ing of ’’dve" comes as five is used in living-five fingers, five 
cents, five children, five anything, and then “fiveness." The ab- 
stract concept "five” comes after many concrete experiences 
with groups of five items. 

2. Cliildrco dc\’elop concepts from what they have seen or 
felt or heard— in other words, concepts are developed from 
percepts. This is espedally true with abstractions like quanti- 
tative ideas. Once the learner has a thorough understanding of 
a nximber of percepts, once he has truly sensed their meanings, 
then he can be helped to generalize them into sound, usable, 
concepts. He generalizes from his experiences. 

3. Learning is more effective when the learner is able to grasp 
the relationships among the various elements in the problem 
situation. Children need to be helped to see whole situations 
and the various parts in relation to the whole. 

4. Good teaching requires that each learner be given a chance 
to understand clearly eadi of the items that will help him 
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build his concepts. He must have a chance to liave as many 
sensory experiences as possible with each of thtse items. Ho 
must see the item, hear it spoken of, speak of if, touch it, even 
smell it if that is possible. The wider tlie variety of sensory ex- 
periences \vith an item, the more likely he is to Icam it Thus, 
learning “fiveness" means seeing five things, hearing about five 
things, toudiiog five things, talking about five things. It means, 
in short, many experiences with "fiv&iess.* 

5. Learning is facilitated by many factors. First, must come 
the experiences— many of them whidi use all the senses. But 
then comes practice. Children cannot be expected to really 
understand "fiveness" merely by having arithmetic combina- 
tions to do. But— and this is very important— if they are to use 
arithmetic combinations efiectivdy and easily in their work 
\vith more complex problems, they must practice these com- 
binations. And they must practice them even after they have 
learned them. Overlearning, not to the point of boredom, but 
overlearning itself makes for greater retention of facts. 

6. Practice makes much better sense and learning is much 
sounder and more thorou^ when it is related to things tho 
learner wants and needs to kitow. Tlius, practice docs not need 
to be didl. It can be a challenge. Learning to do averages can 
bo simply dull rote, or it can be a necessary part of solving an 
important problem that concerns the learner. 

These principles must pervade all teaching but especially the 
teaching of abstract quantitative concepts. There must be no 
haphazard approach to the teaching of such ideas. Of course, we 
must take advantage of the incidental and fortunate events that 
lead to their further development But two things should be 
noted: 

1. These "fortunate" incidents arc more likely to occur when 
they arc planned for. 

2. Tcacliers will be much more aware of such inddcntal events 
and much more ready to take advantage of Uicm if they plan 
their over-all programs ^vith these problems in mind. 
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MEASURING 
IN THE FIRST GRADE 

Mathematics is an all day, every day subject. It is all around us 
all the time. \Vhat should the teacher do when, as it inevitably 
must, the following sort of incident occurs? It is ten-thirty and 
time for the first grade to go outdoors to the playground. The 
long winter months are coming to an end. Yesterday was a 
pleasant day, but rather cold. Today, it is quite warm. Baseball 
and jump rope are in order. But how can you jump rope or play 
baseball witli snow pants on? "Miss Warren, do we have to wear 
snow pants today?” 

What are tlie possibilities? First, of course, the teacher can say 
tliat everyone must wear everytlrlng he wore to school. If mother 
sent you witli snow pants, tlien you wear snow pants. Or she can 
say tliat no one must wear snow pants. When the pressure Is 
great and there is no objective way of determining policy, the 
teacher may submit to tills personal pressure. But there is another 
way. It depends on the answer to the question: “Wliy should we 
wear snow pants?" We wear them to protect ourselves from cold. 
And we have a way of knowing if it is cold outside. We have a 
measuring device for determining how cold or warm it is. Of 
course, it is a thermometer. 

Let’s put the thing very simply. If the thermometer reads about 
fifty degrees (or whatever arbitrary value has been established), 
tlien tlie cliildren may go without snow pants. If it is lower than 
tliat, then snow pants are worn. No fuss. No muss. No arguing. 
Of course, it means having an outdoor thermometer hanging out- 
side the classroom window where all the children can read it. It 
means drawing a red line at the fifty degree mark so that no cliild 
is left out of the process of finding out what the temperature is. 
Obviously, temperature does not necessarily have to be measured 
in degrees. There are grossCT measurements too. In this case, 
there are "snow pants” temperatures and “no snow pants” tern- 
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peratures. As tlie diildren jiiatura, they will have to refine tlieir 
measuring and measurements, but for the present they are using 
simple comparisons. 

Tljere are many such comparisons to be made: bigger and smaller; 
in front of and behind; heavier and lighter; before lunch and 
after lunch; further and nearer. And of course tliere are tlie com- 
paratives: small, smaller, and smallest; far, further, and furthest; 
kt<^ later, and latest— tliese are quantitative ideas. They depend 
on the arbitrary selection of some standard and the measurement 
of all other similar ideas in relation to this standard. Working 
witli these kinds of ideas, planning for their inclusion in the 
curriculum, making work sheets wlUch stress these comparative 
concepts, finding all of the incidents which involve "measuring”— 
tliese are part of the elementary teacher’s responsibilities. They 
are the beginnings of "geometry" and of “algebra.” 

There are various measuring activities for primary grades. 
Measuring heiglits and weights, keeping temperature recordings 
for an aquarium, incubating cluck eggs and checking the tem- 
perature for the twenty-one days, comparing weights by tlie 
use of a simple balance, comparing lengtlis, comparing areas— 
all are experiences which children in the primary grades can use 
profitably. 

Next, there are all the activities involving numeration. This goes 
on in the classroom constantly. For example, "Eddie, will you 
count the people who are here today? We need to take the 
attendance. And wliile Eddie is doing Uia^ Sarali and John can 
collect the milk tickets and find out how many containers we 
need today.” Of course, it is easier for the teacher to take the 
attendance and tlie milk count liereelf. She will have to do it 
anyway because she must have an accurate check. But it is a 
good device and a ©>od learning experience for the 

diildren to do this. Furthennore, it is surprising how accurate the 
diildren can be. 
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This aspect of counting ^vill also come up over and over again 
in science work. The group iwU want to count the number of 
seeds that are planted and the number of seedlings that germi- 
nate- They wll want to count the variety of trees on the school 
grounds and make an exhibit of the leaves, barks, and fruits of 
these trees, Other exhibits (shells, rocks, w'oods, flowers, etc.) 
will all need to be numbered and identified. If the teacher does 
not help the children make a catalog of these exhibits, a fine 
opportimty for work with numbers, with language arts, and with 
graphic arts will be lost 

The thing to remember is that counting and enumeration are 
important activities in the primary classroom, not only for mathe- 
matics, but also as essential parts of all work and especially of 
science. For example, a first grade can make a weather cbart-a 
cliart which shows rainy days and sunny days and cloudy days- 
like this: 
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'niEnfi \ratE; 

IISUN'.VTDAYS 
I'l CLOUDY DAYS 
OltALNYDAYS, 

IN OctOBcn. 

Tljis is an activity chart wliich includes numbers tliat come from 
Uic experiences of the cliildrcm It is important for the teacher 
to continually provide for Uicsc experiences. 

Tile children study about tlic total number of items in a coUec* 
tion. Tiicy talk about tlie number of different kinds of items. 
Tlicy count tlic number of each of the kinds tliey have- They 
talk about tlic flftli or the eleventh or the twenty-sixth. The 
teacher works with the children on cslablisliing a “one-to-one” 
correspondence between lire item and Its description- Numbers 
become on important part of cacli task in which they have 
meaning. 

Ours is a quantitative civilization and teachers must take this 
into account as they work will) cliildrcn. All tlirougJi scltoolstress 
should be placed on counting and measuring. This should be 
done in the regular work in an'tJmietic. Cut also, teachers should 
work on die estabUshment and understanding oF quantitative 
ideas wherever and \vhenevcr they arise. In order to learn how 
to use abstract concepts, cliildrcn must Brst understand Uiem; 
tlicn, by using tlio concepts in a variety of ways and many times 
over, they fix Uicm. Tliis is the pattern wliich should be followed 
continuously, from kindergarten all through school. 


STARS 

FOR THE SIXTH GRADE 

But what about science that directly involves quantity for its 
explanation? Material in sucli areas as astronomy or geology 
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caiuot be clear without mathematics, without an unders tan di n g 
of the vastness of time and of space. How may such quantitative 
concepts be developed? Here is a sLxtli grade working on a umt 
about the earth, tire other planets, the sun, and llie stars. 

Tlie room is all astir witli business. Wr. Golden is moving from 
group to group, helping where needed. The first group of four 
cluldren is working on a chart. It looks like tliis: 


■F/iCCS MSOUT 1101 SOLAR SVSTES.C 

Nante of Distance Period of Period of Number of 

planet Diameter from it/n recofutloit rotation moons 


Mercury 






Venus 






Earth 




! 


Mars 






Jupiter 






Saturn 






Uranus 






Neptune 






Pluto 







The children have made the chart, they have decided on the 
information which they are including, and they are now searching 
for this information. Ted explains: *^Ve are the c»nimiltee on the 
Solar System. We are coIIectiDg facts from reference books and 
are making ditto sheets for the class so that everyone can have 
this information too. Then we are gping to build a model of the 
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Solar Sy'stcm and lung it up in tlio room. Wo are going to make 
the sun out of a big yellow balloon and Uie planets out of smaller 
balloons.” Jimmy is die little, excitable one. lie explodes: “/\nd 
we arc going to tho museum for a trip and wo aro going to see 
tlio phvictaxium they luvo tlicro and . . Ted interrupts calmly: 
"We arc trying to figure out a way to show die orbits of tho planets, 
too. We diink wo will put up big circles of crepe paper around 
die room. I guess dut will work if we hang tho circles with 
enough strings." 

A small group In a comer of die room is preparing a report on 
dicorics of how dio Solar System originated. Hicy aro using 
fihn strips and ore also nuldng slides to use in Uicir report. Oif 
by Uicmsclvcs, t\s ‘0 boj-s aro reading books on astronomy. 

Hero is a group of six clUldrcn. Each of them has a sheet of 
paper on whicli (hero aro lines and markings. Tlicso are dieir 
first trial sheets for determining "solar noon." One of die boys 
explains: "You see these lines aro die sludou-$ made by a pencil 
on tills sheet of paper. Tlio numbers Uicro ore die times when 
tho shadows u'cro made. Wo started at eleven A.M. and 
stopped at ono and we marked tho sliadows every five 
minutes. My shortest one seems to bo at 12:16 P.M. We luvc six 
sets of sluulou's which diiTcrcut people have measured. Now we 
ivill find die average of all of Uio times for die shortest shadow 
and wo w'ill call Uiat ‘solar noon’." "Do wo know how to find 
the average? Sure! That’s easy. Wo learned that all wo have to 
do is add up all our figures and divide Uic sum by die number 
of items we luve." 

<7uc oY Cfio girfs mAcs over: "If’Aatwu rca^anjobniga'jigtmifg’ 
out our longitude. We liavo a chart which shows all die time 
zones of die world. Wo aro in die Central Time Zone so die 
time in Greenwich, England, on the Prime Meridian, is just 
six hours later Uian here. Now, noon for us comes at 12:16 P.M. 
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That means tliat tlie difference in time between noon here and 
Greenwich is 376 minutes (six houi^ and sixteen minutes). And 
noon occurs four minutes later for each degree that you move 
west from Greenwich. So if we divide 376 by four, we Bnd that 
our longitude is 94“ West.” She also explains how tliey know 
that noon moves westward at the rate of four minutes to a 
degree. "Oh, tliat’s easy. There are 360 degrees in a circle and 
also on the earth and tliere are 24 times 60 minutes, or 1440 
minutes in a day. In one minute, the sun moves 360 divided by 
1440, or M of a degree. In four minutes, it travels one degree.” 

\Vhere did the cliildren get this information? They found some 
of it in their science textbook, some in tlie encyclopedia, and 
some in children’s science books. Tlse rest of it they got from 
Mr. Golden. "Gee, he’s wonderfuL He can explain things so well. 
He takes Ids time and he helps us understand. He shows us 
how to do the problems.” 

Mr. Golden describes tlie work of the group which is finding 
tlieir latitude. "They are using simple homemade astrolabes. 
They ‘shot’ the Pole Star for the past few nigltts. According to 
their figures, our latitude is about 37“ North. And that’s not 
loo bad either. They are not off by more than a degree. It is 
certain tliey know what latitude is, and they can explain it and 
can demonstrate how you can determine it. Of course, it will be 
important to see that the entire class comes to understand what 
tliis group now knows. But that will be done when tliey give 
their reports.” 

Three girls and a boy return from the hbrary where they have 
been working on a report on the moon. Mr. Golden has them 
join the group wliich is studying light years. “You can finish 
your report later. Susan, see if you can explain what we found 
about the meaning of a light year. If you can explain it so that 
tills group can understand it, TU know that you will be able to 
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explain it to the whole class “ Susan hesitates and then starts. “A 
light year is a distance. It is the distance that light travels in one 
year. Two great scientists, Michclson and hlorley, found that 
liglit travels at a speed of 186,000 miles in one second.” It is 
obvious that tliis information is just parroted. Mr. Golden stops 
her. “Just a minute. Sue. Say it in your own words. It will bo 
much better that way.” 

After a few seconds of drought, Susan starts again. “Liglil moves 
very fast. It can go 186,000 miles in one second. That is Uie 
time it takes to say ‘one tliousand and one.’ Tliat means tliat 
light can go a lot further in a minute and very much furtlier in 
a day or a year. But tire stars are so far away that the light from 
tljem takes years to reach the cartJi. In fact, tJie nearest star, 
except for tlie sun, is a little more Uian four h'ght years away.” 
Mr. Golden is much moro pleased with Uiis. “Good, Sue. Nonv, 
Jerry, just how can we £od tlie number of miles in a light year? 
Remember, you want to do this tlie way you are going to explain 
it to tlie entire class.” 

Jerry assumes the role of Uie teacher. “If light goes 186,000 
miles in a second— and we know it does because Michclsoii and 
Morley did some c.xperimcnls and showed that it did— then it 
must go 60 times as far in a minute. Now all you people get 
out your pencils and papers and figure out how far it goes in 
a minute." He waits wliile the oUiers do tlie muldplioation. 
“IVho has the answer? Yes, Dill?” “I get eleven million, ono 
hundred sixty tliousand miles.” Jerry asks liim to put his work 
on Uic board and Bill goes throu^i the problem, rls tliey go on, 
Jerry gels from miles per minute to miles per hour and tlicn to 
uiilcis pet day and finally to miles pet ycac. Of course^ tiic num- 
ber grows to be tremendous. Tlie final number is 3,563,696,000,000 
miles per year. 

Mr. Golden and the group begiu to work on approximation of 
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answers. He shows the group that using round numbers for the 
multiplication problem can give an answer such as “6 
million” which, for the purpose at hand, is quite satisfactory. 
The children learn about “estimation” and “approximation.” This 
is another very important part of developing an understanding 
of quantitative ideas. 

An analysis of the work that Mr. Golden has been doing is now 
in order. He has used many techniques to get the children more 
and more able to: 

1 . Frame the questions whidi they need to answer. 

2. Find the answers to these questions. 

First, of course, ho set up the situations in which the quantitative 
aspects under consideraUon had to be solved in order to find 
samfactory aimvers to the questions. It was he who helped the 
children develop the committees: one for finding longitude, one 
for finding latitude, one that studied about the moon, one that 
worked on stellar distances, one that studied the solar system, 
■tten, he did not simply lecture to the children. Rather, he had 
resources and the information which could be tapped by 
me groups so that they could carry on their work intelligently. 

some cases, he had to provide some answers bim.wlf. It was 
he, for example, who needed to explain tlie meaning of a “light 
year. He was also a resource person. He had tried out the 
^eiiment on finding longitude so that he could help the chll- 
en when they did it. He had made an astrolabe. He knew 
what encyclopedias and tertbooks the children could use. In. 
short, he had planned thoroughly. 

TOmc things he would do for any unit In this unit though, 
he had made special plans. He had deliberately chosen materials 
that mvolved quantitative ideas. Most science work (and some 
social science work) involves quantitative ideas. Wliether quan- 
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tity is included in the unit dt^ends on the teachers plan. Mr. 
Golden ^vanted a study of (Quantity, so he planned for it In 
searching out ilie malerials lot his unit, heiiad done tlircc tilings: 

1. ife chose materials which had quaotitativo ideas as an 
integral part 

2. He chose material in which the mathematics w'os not too 
difficult Neither the concepts nor the computational work 
was beyond the experience and ability level of tlie group. 

3. He chose science material which was directly related to 
the personal needs and interests of the children. They wanted 
to solve these problems, and it was possible for them to do so. 

It is important to note tliat there arc many other areas of science 
commonly found in tlic curricula of our elementary scliools 
that lend tliemsclvcs to such quanlitative work. Tlie following 
arc a fmv examples. 

STUDYING THE AGE 
OF THE EARTH 

In a study of tlie age of tlic cartli, it is necessary tlut (ho chil- 
dren have some real and personal c.\pcn'cnces to which tlicy 
can relate so Uiat numbers like 300,000,000 years ago for tlic 
Age of Tiilobitcs, 63,000,000 years ago for the last of tlio 
dinosaurs, and 2,000 years ago for Uto beginning of the Cliristion 
Era can be distinguished one from Uie otlicr. One way to do 
tills is to make a “limc-Unc” for the w'oU of U>o classroom. Tliis 
involv'cs an understanding of the mathematical concept of 
'‘proportion." 

A frieze or time-line of tlie “History of the Elarlh" with die im- 
portant events in this history pictured and placed in their 
approximate matliemalical positions along tlie lino can bo made. 
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Thus, at the beginning (or “end,” if you will) of tlie frieze, 
there can be a picture of “m.” Tlicn it can go back to "grandpa,” 
and from there back to Lincoln or Washington. Tlicn it can go 
back to the discovery of America and on back to tlie birth of 
Christ and further back to Ujc Ice Age. Tlie major matlieniatical 
problem will come as tlie children need to understand tliat if 
fifty years (the difference in age between "us” and “grandpa”) 
is represented by one inch, tlicn the picture of Washington must 
be about five inches back along tlie line, and tlio cross repre- 
senting the beginning of tlie Christian Era must be 39 inches 
back from Uic picture of “us,” and the glaciers must be even 
furtlier back. Of course, tliis will take a lot of work. The chil- 
dren will need to be shown dial if tlicy want tlicir whole line 
to bo shorter, tliey will liavc to use a smaller scale. Thus, instead 
of making an inch represent fifty years, they could make an 
Inch represent one hundred yean or even five hundred years. 

Furthermore, they svill need help in understanding just bow 
long "time” runs. The line can start on one wall and run around 
and around Uic room. A simple device for doing this is a string 
with important dates marked off at appropriate distances by 
pictures wliich Uie children have drawn. A line which has a 
scale of one inch to one hundred years would need to be 833 
feet long to represent 1,000,000 years. Tliat is too long. But a 
line wliich has a scale of 1,000 years to the inch needs to be 
only 83 feet long. These kinds of quantitative problems can and 
should be a part of science work. 

GROWING 
LIVING MATERIALS 

One uf the important parts of raising living such as 

fish, plants, protozoa, and the like is preparing the correct media 
for them. Protozoa grow very well in a salt solution called 
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Ringer’s Solution. Its formula is: 3 parts of distilled water to 1 
part of “sea water.” Tlie stock sea water is made of; 

8.0 grams of sodium chloride 

0.2 grams of potassium chloride 

0.2 grams of calcium chloride 

0.2 grams of sodium bicaibonate 

1000 cubic centimeters of distilled water 

This solution can be purcliased from a science supply bouse. 
Bu^ if tlie teacher is interested in working on tlie development 
of (Quantitative concepts, it would be much sounder to purchase 
the ingredients and have the children weigh out the necessary 
amounts for the preparation of the stock solution. 

UNDERSTANDING THE SIZE 
OF MICROSCOPIC ORGANISMS 

^Vhile some microscopic organisms are hardly visible to tlie 
naked eye, there are others wliick are very readily available. 
Rotifers, for example, from ponds, streams, and ordinary aquaria 
can be seen as tiny dots swimming in a drop of water. If such 
dots are projected tlirough a micro-projector onto a screen, the 
cliildren can measure the image of the animal on the screen 
and compare this lengtli with die actual lengtli of tlie animal. 
As they note tJio complexity of the animal, as seen througir the 
projector, tliey can consider this complexity in the liglit of its 
tiny size. 

Of coune, tlic cliildren also r-*»n work out some of tlie meanings 
of tiny sizes if they study tlie microscope or the micro-projector 
itself. \Vhen a nucroscope is marked “400 power,” it means that 
wlut is seen througli tlie eyepiece is magnified 400 times. In 
other words, if an object is actually 1/400 of an incli long, it 
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appears to bo an inch long under tlie microscope. This, too, 
is material wluch children can be helped to understand. 


Summary 

Mathematics is all around. It is an integral part of our lives. As the 
teacher chooses the material which ho is going to help children learn, 
he must consider tliis Important area. In planning sdcnco units, it 
would be well to keep these principles in mind: 

1. Mathematics is an abstraction. Fundamentally, it is a scries of con* 
cepts or generalizations. In order to develop dear and comprehensive 
generalizations, children must 6rst imdcrstand the individual items 
from which these generalizations are derived. The teacher, therefore, 
must be certain to provide common experiences from which the stu* 
dents can derive these concepts. 

2. Mathematics is rational It can be explained and undentood simply 
by finding the purpose and the logic of Iho given process. Numeration 
is for counting. Algebra is for expressing lelaticmships. Geometry is 
for measuring. 

3. Mathematics is a skill, it is the shorthand language of quantity. 
As such, it mmt be learned in the same way that diildren learn any 
other skill. They must understand it They must practice using it 
They must use it in their everyday lives. 

4. Mathematics is a tool In and of itself, it has worth only as a game. 
But, used as an instrument for understanding the phenomena of the 
world around us, it becomes the wonderful and simple adjunct of 
these phenomena. As children understand their world more and more 
fully, they appreciate and enjoy it more. 
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A FIRST GRADE 
LEARNS ABOUT RAIN 



"When ice cool the u-alvr in the pot tcUh ice cubes . . . 


. . . water condenses on the outside of the pot.' 


T 7TTT EXPERIMENTS AND 
T 111 EXPERIENCES 


people tliiok of scieoce, they imaiediately 
think of experiments. Tlie two ideas have become almost 
synonymous in the minds of most people. And this is 
rigl]tly so because modem science is closely interwoven 
experimental work. But often there are misconceptions 
about the scientist and Ids experimental work. Consider 
the stereotype of tlie scientist that has been built up. 

A scientist is a fellow who walks into Ids laboratory and 
wanders througli a maze of complex; unusual, and 
exotic apparatus. Tlien, with mysterious “Sherlock Holmes" 
insight, as he looks at the apparatus, he suddenly comes 
fortli with a long and liappy “Aha!" From this amazing 
insight, be supposedly comes up with the answer to 
some problem which had baSed the minds of great 
men from time immemorial. This idea is even more 
confusing to most of us because in our minds experiments 
are often confused with exercises tlmt we performed 
in our high school classes- 
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These exercises, called “ej^riments,” were almost inevitably 
repetitions of some application of a principle that had be?n 
studied eitlier in class or in tlie text or in both. For at least the 
last sixty years every higli school biology student has performed 
an ‘experiment” on osmosis. Some classes hollowed out a carrot, 
fastened a tube on top of the carrot with wax and placed this 
apparatus in a molasses solution. Then they watched the 
molasses' as it slowly rose up tlrrough the carrot and into tlie 
tube. Other classes used an egg and chipped off the bottom 
of the shell being careful not to break the inner membrane. 
Next they punctured the other end of the egg and, using wax, 
fastened a long tube over this opening. This heavily encumbered 
egg was tlien put into an appropriate solution and the students 
watched the solution work its way up the tube. Variations on 
this theme were numerous. Sometimes a thistle tube covered 
with an artificial membrane served in place of the egg or carrot. 
Sometimes some other vegetable replaced the carrot. But this 
kind of an experience was as sure to take place in elementary 
biology as was the sun to rise in the morning. Wliat was most 
disturbing was that everyone knew what should happen before 
the experiment was performed and, if the “experiment” worked, 
the usual attitude_was "so what?” And if, as often happened, 
the experiment fizzled, this was put down as the normal 
expectancy of liigh school science where "nothing ever works.” 
After all, before doing this experimrait, every student had read 
about osmosis in his textbook. Then tlie subject was discussed 
thoroughly in class. Finally, the "experiment” was set up in 
the laboratory. 

Tliis osmosis episode was, of course, no experiment at all. It 
was a demonstration of a principle carried out by the students. 
Tliat it Iiad values must never be denied. Some students could 
never understand the principles involved unless they had a 
chance to try tliem out for tliemselves. Others learned best 
through their own experiences and could not profit solely from 
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reading about osmosis or from seeing tJie leacJjer perform sudi 
a demonstration. And everyone could profit from working vvitJi 
simple science equipment. Truly, experiences wliicli demonstrate 
science principles have a place in the classroom, but such 
demonstrations must not be conlased with experiments. 

The whole concept of experimentation and the experimental 
metliod has an interesting Iiislory and one that is worth review 
for elementary school teachers. Some foxir hundred years ago 
the scientific revolution began and it has not yet ended. Tliis 
revolution was unique in llrat its base was a simple idea, a sim- 
ple directive. Fundamentally, all tliat it propounded was: In 
order to understand a phenomenon, it is necessary to examine 
the phenomenon. Examine what is happening. Look at it with 
core. Measure all of its measurable aspects witlr precision. In 
order to understand, to really know, to find causes, to predict 
effects, tire person must set up situations in which the phenom- 
enon and the rclationsliips among its various factors can be 
seen. This revolutionary approach is die most important con- 
tribution of modem science to world dunking. And this experi- 
mental approach to reasooing and to living is one of the 
essentials wloich must be learned by duJdren as part of their 
elementary education. 

Obviously what so often passed for experimentation in school 
classrooms is not that at all. ft is incumbent upon us to find 
out wliat an experiment actually is and rvhat the cljaracteristics 
of the experimcaital mcOiod arc. Heally tliero is no such thing 
as “the experimental metliod.” Nor is there “the scientific 
method.” There are, in fact, as many scientific methods as there 
are scientists. Over and over there have been attempts to outline 
the steps in problem solving. Hie steps most often given are; 

1 . Delineate and state the problem 

2. Look for pertinent data 
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3. Propose a working hypothesis 

4. Test the hypothesis through experiments 

5. Reach an appropriate conclusion 

There is no doubt that these activities are all part of the work 
of the problem solver. But just teaching these steps to children 
will not guarantee tliat they will be scientists or, for tliat 
matter, that they will use these problem-solving techniques to 
work on their own problems. 

EXPLORING AND EXAMINING 
THE ENVIRONMENT 


What a scientist is and how a scientist works is quite closely 
related to what children arc like naturally and how they act 
in many situations. Both scientists and children are explorers. 
Both arc avid examiners of their environment. Both try to 
manipulate and control tlie forces and tlie phenomena with 
wliicli tliey are surrounded. This Is all to the good for the ele- 
mentary school teacher who can do much to foster tlie inlierent 
exploratory characteristics of his children. There is. however, 
one important difference between children who explore and 
scientists who work in science. Children, as they try solving 
problems, as tliey explore llieir environments, are likely to work 
in a hapliazard or trial-and-cnor way. Tliey try something. If 
It works, good. If not, they try something else. They frequently 
do not reason from their past experiences and from the expe- 
riences of others. They do not search out clear statements of 
leir problems and establish working hypotheses upon which 
Uiey build Uieir espcrimcolal and exploratory efforts. Scientists, 
on the Ollier hand, use very rational lecliniques in tlieir ap- 
proaches to llie problems nrilli which they work. Tlieir interests 
are directed and tlieir work is quite specifically determined by 
these mlercsts. As a capable scientist works on a problem, he 
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knows what lie is doing, and, while he does not know what will 
result from bis examinations and experiments, he is not on a 
wild fishing trip just looking for anytliing tliat miglit turn up. 
What the elementary teacher needs to do, then, is to keep tlie 
cliildren exploring their world while at the same time leading 
them into an organized and planned study of their environment. 

It is tlie rare individual who has a list of problems lined up 
wliich he wishes to solve. Furtliermore, when such a person is 
found, if he is a student, he is likely to be thought of as a 
nuisance. His constant questioning is the source of much iirita- 
tion to the people around liim. The wise child soon learns that 
questioning is not generally acceptable behavior and most chil* 
dren soon stop tltinldag of questions to ask. Those wise ones 
who continue to Uiink of questions, keep tlieir questions to theiU' 
selves and surreptitiously and furtively look for the answers by 
themselves. Questioning is hardly an encouraged activity. Yet. 
this is the nature of scientific work. And this kind of an approach 
to living, this approach which says in effect that there are no 
absolutes and tliat all that we do must be considered as based 
on our best judgments at tliat given time is the very approach 
wliich can lead to true problem solvhig and sound "scientific*' 
living. 


SCIENCE TECHNIQUES 
FOR SOLVING PROBLEMS 

Essentially, then, the experimental methods that should be fos- 
tered in cliildreu are the methods of continuous questing, con- 
tinuous searching, continuous examining of what is around them. 
In order to cany out tliis process of searcliing in a more 
organized and a more economical way, there are some tech- 
niques which can be tauglit to children. Take, for example, 
the matter of propounding hypotheses for the solution of a prob- 
lem. This is what each of us does as he goes about solving even 
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tlie simplest personal difficulty. I£ your pen stops writing, the 
first tiling that you do is to give it a shake. \Vliat are you saying 
Uirough tliis action? Put into words it might be: “Perhaps some- 
tliing is clogging the pen. If I slial® it maybe I can get the 
mk to flow again.” After you sliaIo3 the pen, you try to write 
once more. If you can, if the ink flows, good. If not, what then? 
Perhaps you try scratching the pen on some scrap paper, or 
perhaps you try cleaning off the point with a tissue. Finally, 
if none of these actions help, you get ink and try filling the pen. 
Maybe this works and maybe it doesn’t. In any event, you 
have made a series of guesses about why tlie pen stopped 
writing and have tested each of the guesses in turn to try to 
correct the fault. But tliese have not been just wild and random 
guesses. ^Vhen the pen stopped writing you did not try painting 
it a different color to see if that would help. Nor did you try 
invoking some magic spirit to help set the ink flovring. No, 
your conjectures were reasoned; they were based on your pre- 
vious experiences with pens and why they write and why they 
stop writing. And your hypotheses, for that is what those guesses 
were, were based on rational experiences which you had had 
with other pens at other times. The techniques for propounding 
and using hypotheses and for carrying out the other steps which 
lead to rational thinking and experimenting ran be taught 
tlirough the use of science. 

Tliis is the way things stand. First, there is a need for developing 
childrens inherent capacities as explorers and as questioners. As 
cliildren develop this ability to question and to examine crit- 
ically, they become more mature and more creative people. 
And as they become more creative, they make tlie kinds of con- 
tributions Uiat are wanted in a democratic society. Second, this 
creative and questing approach to the world is not implemented 
by a single technique or set of techniques. Yet, tliere are certain 
principles wliich have value for the creative problem solver. For 
one thing, people who want to solve problems through the use 
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of these principles usually state their problems succinctly and 
clearly. Then too, tliey propound and try out a series of hypoth- 
eses for solving tJie problem. Tliey test tlie hypotlieses over 
and over again and look for all sorts of ways to prove or, 
equally important, to disprove tlieir conjectures. They devise 
all kinds of ways for doing llieir experiments and develop new 
macliines and new techniques for their work, always looking 
for appropriate tools and for ingenious ways of applying old 
ideas to new situations. 

In order to build an elementary science program that will foster 
this kind of science activity in children, the teacher must recog- 
nize that Jic will be doing many things besides experiments. 
Involved in the science program will be reading and reference 
work, demonstrations of principles tlirough a variety of expe- 
riences, films, or field trips. The actual work witli materials in an 
experiment, Imu'O’er, should be considered to be of prime 
importance. Children wlio liave a cliance to work with materials 
and to hy out ideas with those materials, particularly as they 
are guided into organized and rational ajid planned thinking, 
are nmeh more likely to retain what tliey liave learned from 
tlieir experiences. An example of how Uiis land of work was 
carried out with a fourth grade follows. 


A FOURTH GRADE 
EXPERIMENTS WITH SEEDS 

Mrs. Hamilton planned a unit on seeds and bow they germinate. 
She collected a variety of seeds and had the cliildren bring in 
some too. There were all different kinds: peas, beans, apple 
seeds, orange seeds, nuts, and a number of others. Mrs. ifamilton 
opened her introductory lesson with a question. “What do you 
tliink we need in oider to start tliese seeds growing?” Very 
soon she had the following list of "necessary” factors: 
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soil 

water 

sunslune 

food 

beat 

Obviously, some of the things mentioned were not necessary 
for the germination of the seeds. And some of the factors tliat 
were necessary were missing from the list. But Mrs. Hamilton 
used Uiis list as a starting point for work on the germination of 
seeds and also used it as the base material for teacliing the 
class to use experiments. And true experiments these were. Of 
course, the experiments were in areas which had already been 
explored by others. None the less, for tliese fourth graders who 
did not have the answers to the questions the teacher had put 
to tliem, this was real experimentation. 

Mrs. Hamilton went on. “We ou^rt to think about tliis list Do 
you suppose that all of the Urings that you liave listed are neces- 
sary? And do you suppose that we have left anything off our 
list? We ouglit to do some experiments, some real scientific 
experiments, to see if all tliese things are necessary. Take ‘soil’ 
for example. How could we find out if soil is necessary for seeds 
to start to grow? The actual work of setting up the experiments 
now began. First came the statement of the problem. After a 
considerable struggle with words, the children came out \vith 
this statement: 

“Is soil necessary for seeds to begin to grow?” 

The question ^^'as discussed at some lengtli and Mrs. Hamilton 
stressed the word “begin.” She wanted to make clear to tlie 
cliildrcn tlio fact that they were working on factors needed to 
start seeds growing raUier tlian on factors which aided growth 
of plants. She realized tlie importance of a careful use of words 
and stressed this language skill in her work. 
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Tlie liypotlicsis which was implicit ia the statement of Uie prob- 
lem was that soil was necessary for tlie germination of the seeds. 
It was important Uiat tlie cliildren see that a hypotliesis is a 
reasoned guess which is made in order to proceed witli the 
solution of the problem. A hypothesis is not necessarily true. 
In fact, tliis one was false. Mrs. Hamilton knew tliat it was 
false, but she said notliing about this to the cliildren. Instead, 
she went on. “Bob, you were the one who said that soil was 
necessary. Are you certain that it is necessary? Tell us why you 
tliink it is.” Bob vvas a bit dustcred at the question; he had not 
thought about germinating seeds before, and he answered hesi- 
tantly, “Well, you always plant seeds in soil, I know that we 
planted our garden in tlie soil And all our com, and peas, and 
stuff grew line. So I think you need soil.” Mrs. Hamilton turned 
to jeny wlio bad been wavmg lus hand exdledly. “yes, Jerry?” 
“I don’t tliink you need any soil. I know that we had some 
bean seeds in a bag under the sink and when 1 took them out 
because I was going to bring them to school, they had some 
little leaves on them. My mother said that they had started to 
grow in the closet.” This was just what Mrs. Hamilton wanted. 
In fact, if Jerry had not brouglit up the matter of possible con- 
tradictory evidence, she had planned to do it herself. “Well, 
now this calls for a real experiment. Bob has said that he thinks 
soil is necessary. In fac^ he says that for tlieir garden at home, 
liis fatlier always plants the seeds in soil. But Jerry says tliat 
some of the seeds that he had at home started to grow without 
soil in the paper bag where they were kept.” 

Fourtli graders, who are usually nine and ten years old, are not 
likely to be able to deal wth the generalized concepts of hypoth- 
esizing and tlie control and reliability of experiments. However, 
even though the children did not realize it, tliey had already 
presented several hypotlieses and Mrs. Hamilton had the chil- 
dren state tlieir hypotlieses and plan controlled experiments witli 
sufficient samples so that they could be reasonably reliable. The 


163 



VI/I; Experiments and experiences 


abstract concepts of “hypothesis,** “controlled experiment,” and 
reliable experiment” she left for work at later grade levels. 
Here is how Mrs. Hamilton went on. 

“Well, Bob, you tliink that you know one of the tilings that is 
needed in order for seeds to begin to grow. Could you tell us 
what you diink it is?” Bob stuck to liis point, “I guess tliat you 
need earth to make the seeds start to grow.” Mrs. Hamilton went 
on. Fine. Now we need to set up an experiment which will 
show eitlicr that Bob is correct or that he is wrong, because 
we really want to know whetlier or not soil is needed. Do you 
suppose we could figure out such an experiment?” Soon the 
ideas came thick and fast. “We could plant a seed in some earth 
and water it and see if it would grow.” “Sure, but that wouldn’t 
prove that you needed eartli. Even if it did grow, it wouldn’t 
show that you needed the soiL” “Wliy not? If it started to grow, 
wouldnt tliat show Uiat you needed soil?” “Nah, tliat would 
only show that it could grow in soil. But it wouldn’t show if the 
seed could grow when there was no soil.” “Say, that’s right. I 
guess we would have to have one seed in soil and another out 
of soil. Then we could see which one would begin to grow. 
That would be right, wouldn't it, Mrs. Hamilton?” 

Hold on a minute. You are getting so many ideas here that 
we need to sort tliem out Certainly we need to have at least 
one seed in soil and at least one other seed out of soil. But what 
about the way in which we take care of the two seeds?” In a 
few mmutes tlie children recognized that each of the seeds 
must be treated identically except for the matter being investi- 
gated. In this case, tlie factor being investigated was the need 
for soil. Mrs. Hamilton stressed this point and discussed the 
factors that needed to be identical The children decided that 
both seeds should have water, warmth, sunshine, and tliat both 
should be given some plant fertilizer. Mrs. Hamilton did not 
say anything to the children about the unnecessary factors (sun- 
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shine and fertilizer) because they were going to eonsidcr tliose 
factors later. Certainly, she \vas not going to tell them Uiey were 
Wrong in including them. However, she did Jiave a number 
of cliildrcn take on the responsibility for finding reference mate- 
rials on seeds and how they germinate. 

On llic other Irand, Mrs. Hamilton did find it necessary to intro- 
duce Uie concept of reliability to the children. “Tlterc is a chance 
Uiat something can go wrong with this experiment and we can 
avoid it very easily. Docs anyone have an idea about what 
could go wrong?" The cltildrcn were baffled at first, but tlren 
started to suggest all kinds of possibiUtics. One said tliat the 
water iniglit dry up. Anotlicr diouglU that it might get too hot 
or loo cold. Finally, one suggested iJiat the two seeds that Urey 
were going to use miglrt bo “no good.'’ After considering Uicse 
possibilities for a time, tlie class decided first to use newly pur- 
chased seeds, and second to Iiave enough seeds “planted" so 
that Uicy could be sure to get results. Even Uiough Uiey were 
not aware of it, they were setting up their experiment so that 
Uiey could get reliable data from which to draw their conclu- 
sions. This, of course, was wliat Mrs. Hamilton wanted. In addi- 
tion to satisfying the requirement for a sounder investigation, 
planting a hundred seeds meant Uiat cadi child in die group 
could be an active particii>ant in the e.xperiment rather than 
simply a passive obscr\-er. It was more likely Uiat each child 
would leani if he acUvely worked with the materials. 

Knowing that many of these children would lack the patience 
to carry on tliis project for a long period of time, Mrs. Hamilton 
chose quick sprouting lentil beans. The seeds were planted in 
a mixture of soil wJiicli was gathered from the schoof yard and 
the control seeds were placed on i>aper towels which were kept 
moist by crumpling them and placing them in dishes of water. 
The children watched Uie seeds from day to day. They ivatered 
the seeds and fed them a solutitai of a simple, chemical fertilizer 
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which one of tliem had bou^t in a ten-cent store. It was three 
mornings later when the first hvo lentils showed the tiniest 
sprouts. The first sprouts were from tlie lentils on the paper, 
because the ones that had been planted had not yet had time 
to break through tlie soiL 

With some difficulty, Mrs. Hamilton was able to make the chil- 
dren wait for one more day before tliey drew their conclusions. 
Just think, maybe those t\vo seeds sprouted by accident. Why 
dont we give everything another day and see what happens 
tomorrow?’ The fourth morning found about the open 
seeds sprouted and a few of the potted seeds pipping through 
the soil. With this situation, Mrs. Hamilton was ready to pro- 
ceed to tlie next step. “WeU,” gloated one of the boys, “I guess 
tliat showed him you don’t need dirt.” Bob was all ready for 
an argument But Mrs. Hamilton stepped in rather quickly and 
pointed out tliat this was not a matter of winning or losing. 
Rather, the class was trying to find out the factors necessary for 
germinating seeds. “Now what can we say as a conclusion for 
this experiment?” The children decided that what they had 
shown was that soil, while not a hindrance to the germination 
of the seeds, was actually not a necessary factor in their 
germination. 

But Bob and several of tlie others were not satisfied. This, of 
course, made the experiment even more of an educational suc- 
cess and was exactly wliat hirs. Hamdton had hoped would 
happen. Bob put it this way, “If you don’t need soil to grow 
seeds, then why do farmers plaot seeds in the earth? ^Vhy not 
just spread them out on a big concrete floor and let the plants 
grow on that?” Thus, the successRtl completion of one experi- 
ment led to other more complex and more advanced experiments. 
By the end of six weeks, that fourth grade class had carried on 
more ^ a dozen controlled and reliable experiments on seeds 
au p ts. After another total ^roup experiment on the need 
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for sunshine for germinab'on, the class worked in groups and 
carried out different erperiments according to tiieir interests 
and abilities. Some worked on the need for nutrients, others on 
the possibilities of growing plants in water, still others on the 
use of different kinds of soils. The distinction behveen starting 
seeds growing (germination) and raising plants after they Irad 
germinated was made very clear. All of tlie cluldren were 
actively involved in setting up tlic esperiments and all worked 
on the project. Mrs. Hamilton set aside time each morning for 
the care of tlie experimental plants and reports were given 
during science periods. The dass garden became a center of 
interest for tlie entire school. 

Checking on the concepts that tlie children had learned, Mrs. 
Hamilton was able to sec Uiat they really knew the follow* 
ing tilings: 

Seeds need to be viable in order to germinate. (The children 
learned to use the words “viable* and "germinate.*) 

Seeds need to bo worm in order to germinate. (Tlie cliildten 
could not find the exact temperature but they did find that 
it needed to be above freezing and below boiling.) 

Seeds need to be kept moist in order to germinate. (Some 
children tried growing seeds duectly to water and also tried 
to gennioate dried seeds.) 

Seeds can gennmate in the dark but plants need sunshine to 
order to p'ow. 

There were several other concepts wliich the children developed 
aad Jisd a Moff lactasl na and ifeidr 

growtli. But the cliildren bad acquired much more than just 
information about seeds and plants. They had started to examine 
their world to a rational and e^erimental way ratlier tlian either 
through autlioritarian or hearsay information or tlirough waste- 
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fill trial and error activities. These experiments were an early 
experience for the children in rational, experimental, and crea- 
tive thinking. 

THE EXPERIMENTAL PROCESS 
IN THE PRIMARY GRADES 


This sort of work need not wait to start at fourth grade level. 
Even first graders can be irrtxoduced to very simple erperiraents 
and tire experimental process. After all, the children ahead/ 
have used trial and error in many situations even before they 
came to school They have built block buildings without careful 
batoce and have seen them topple. They have “experimented" 
With pamts and crayons and with other materials in their en- 
vironinents. Given an opportunity to try things out in an 
organized fashion, they can begin to understand that an experi* 
ment compares the possibOities which exist in a given situation. 
Of couKe, the situaUon must be kept simple. It is probably better 
to work with plants rather tlian with seeds and to keep the 
experiments on a very elementary level For example, first 
graders could very well experiment with the need for watering 
plants. They could grow some small phnts and could water 
one set and leave the other set without water. They could then 
tmd the results and reach some tentative conclusions. The 
teachers of the subsequent grades can develop the experimental 
^ ^ding on these simple experiences with rational 
“unking and experimentation. 


hile experiments and experiences at the primary level must 
be much simpler and much more elementary than in the upper 
grades, nevertheless, from his eariiest days in school, tlie child 
s opportunities to see things liappen, to try things out From 
ieir e^eriences. they must be able to say: “When I do this, 
en will happen. These m^eriences with simple cause and 
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effect relationships are important building stones upon which 
later, more complex experimental work can be done. Here is tlie 
work that Miss Hicks did with her second grade class in a study 
of prisms and their effect on h'ght. 

A SECOND GRADE 
STUDIES PRISMS AND LIGHT 


On several days, as Miss Hides watched the children during their 
rest period, she had noticed their interest in the spectrum tJiat 
was formed by sunlight streaming tlirough tlie aquarium. The 
children were fascinated by tlie dancing colors and many of 
Uiem noticed the patterns and called Uiem to the attention of 
botli tlio class and the teacher. ‘Xoolc, oh look, Uiere tliey ore 
again. Miss Hicks, where do those colors come from?" As the 
questions continued, hitss Hicks decided to build a short unit on 
die topic of color. 

The fint lesson was a simple one. Immediately after rest time, 
and while the cliildren were still talking about the colors tliat 
tliey liad seen. Miss Hicks brouglit tliem together for a discussion. 
“Those colors that we saw on Uie wall, do you know what tliey 
are called? Yes, they are called a rainbow. How many of you 
have ever seen a rainbow? Cioa, tclJ us about the one you saw." 

Gina chattered away about the summer storm and how her 
Daddy showed them the rainbow in the sky after the storm was 
over. Then several oilier diildrcn recalled—or tliought they 
recalled— similar incidents. "Did any of you ever sec a rainbow 
at any other time? Did you ever see a rainbow when it wasn’t 
raining?" Three experiences were related. First, some cliOdrcn 
had noticed a rainbow effect in a spray of water from a garden 
hose. Tlien, a child who had spent the past summer at the 
beach told of seeing rainbow colors in the spray Iron: the waves 
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as they hit the rocky shore. Finally, one child told of seeing the 
rainbow colors in the spray of a waterfall that be had visited 
with his parents. 

“Now all of these rainbows were made by sunlight But there 
was one other thing that w'as there in each case where people 
saw rainbows. Does anyone know what it was?” In a few minutes. 
Miss Hicks had the children understanding that the other factor 
was water. "Here in the room we have the aquarium. And 
Gina's rainbow came after the shower. And then there was the 
rainbow from the spray of the hose— that’s water, you know. 
And then there was the one at Courtney Falls— and that is water. 
And then there was the rainbow in the spray of water which 
Jerry saw at the beach. I brought in some glasses and some bowls 
so that we could try to make some rainbows.” 

A very simple experience followed. ’The children tried different 
shaped glasses and different amounts of w*ater and found that 
when sunlight u-as allowed to pass through a gh« container of 
water, a rainbow was formed. 1116 same light passing through an 
empty glass gave no such rainbow. A simple experience chart was 
prepared. This is what it said: 

We made a rainbow. 

We put water in a glass. 

The sun shone through the glass of water. 

The rainbow came out on the floor. 

We could nuke the rainbow shine on our clothes. 

But we could not cany it away with us. 

As the lesson ended. Miss Hicks promised them further work 
with rainbows. "Tomorrow I am going to bring in something else 
that we can use to make rainbows. Then maybe we can find out 
some other things about them.” The lesson was very simple. 
At no point did Miss Hicks talk about their work as an experi* 
ment. Yet, in a very real sense, the children were doing an ex- 
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periment ia the classic scientific meaning of the term. The 
problem was to find a common factor present in all of tlie exper- 
iences wliich tlie children liad had witlr rainbows. The hypothesis 
was tliat the factor was water. The cliildren tried some containers 
with water and others without it As a conclusion, the cliildren 
found out that sometimes when sunlight sliines through a glass 
container of water it forms a “rainbow” or spectrum. 

During the second lesson. Miss Hides introduced the cliildren to 
the efiect of a prism on hglit It was an excited group of children 
who watched the colors as they moved on the walL They tried 
all manners of movement and all lands of random play. After 
giving the children enough time to try out the prisms, Miss 
Hicks called the g^oup together to summarize and form some 
generalizations. "Well, who has found out sometliiog special 
about bis prism that he can tell us?” Soon odd bits of information 
were contributed, "if you turn tlie prism, then the rainbow moves 
on tlie ivall.” "If you hold the prism sideways, the rainbow is 
sometimes on the floor and sometimes on the ceiling.” "Once, 

I think 1 saw two rainbows at the same time. One on tlie floor 
and the other on the ceiling." i&ich of these statements was 
examined and studied. Tlie child who proposed tlie idea was re- 
quired to demonstrate his statement \vith the use of one of the 
prisms. Mostly, however, tlio lesson was an exploration of tlic 
phenomena observed when a triangular glass prism intercepts 
sunlight Trying out tlie prisms was the most important part of 
tlie lesson, but the children also received practice first in making 
careful observations and then in describing wth accuracy what 
they had seen. 

Tlie third lesson, wluch was directed observation, required a 
more formal organization both on the part of Uic children and 
in Uie setting wluch Miss Hicks prepared. During tliis lesson 
she wished to have tlie children note the order in wliidi the 
colors of tlic rainbow appeared and tlie constancy of this order. 
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“Today we are going to work with the prisms again. But, before 
we start, there are two questions that I want to ask. First, do 
you know the colors that the rainbow has in it? Second, does 
tlie way tlie colors show ever change?” As the cliildren worked. 
Miss Hicks made sure that they followed through on observations 
to find the answers to tlie questions which were tlie basis of the 
lesson. This kind of planned, careful observation is an important 
part of the experimental method and all primary teachers should 
include it in their science programs. Miss Hicks was particularly 
anxious to have each child do his own observing and each cliild 
Iiad an opportunity to tell about what he saw. The observations 
which the diildren made were summarized by the class as 
follows: 

The colors of the rainbows that we made with our prisms were: 

Red, Orange, Vellow, Green, Blue, Violet 

The same colors were always next to each other. The order 
of the colors was: Red, Orange, Yellow, Green, Blue, and 
Viol^. 

Later lessons had tlie children working with colored cellophane 
sheets of the primary colors to find out what happens when 
prisms are used with colored liglit. While Miss Hicks was not 
stressing the experimental method, all of her plans and all of tlie 
program was directed towards having the children engage in 
experimental activities wliich later could be used by the chil- 
dren to develop experimental approaches toward the phenomena 
around them. 


EXPERIMENTS 
FOR A SIXTH GRADE 

Tliere are many kinds of experiments for sixth graders to per- 
form and it is important tliat tliey have a wide variety of such 
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experiences. For children at the sixth grade level, tlio work Nvitli 
seeds and plants could be mudi more complex and the expert* 
ments and the experimental method used should be mucli more 
exact CJjildren of clcscn and twelve can grasp the concepts of 
hypothesis and of control and reliability of experimental work. 
Teachers at that level, as they plan their science units, should 
include materials on the nature of experimentation. For example, 
if the unit on seeds were done witli a sixUi grade ratlier than 
willi a fourlli, the following additional material miglit have 
been included in tlio first part of tlio lesson, after Bob and 
Jerry had discussed the need for soil in germinating seeds. 

'"Tlierc is a word tliat we need to use now. It is the word 
hypolhesis.” The teacher writes the word on the board. She could 
have the cJiildrcn look it up in tJicir dictionaries and then spend 
some limo on its meaning aj»d importance. Or she might simply 
say, “I’ll (ell you wliat it means. A hyxiotlicsis is a kind of guess 
about the answer to an experiment. But it is not fust an ordinary 
guess. It is a guess tliat you make because you have some ideas 
about what the answer might be. It is a guess that you have 
thought Out, and not just any old thing Uiat comes into your mind. 
For example, if it’s your birUjday and you find w])en you get 
home from scliool liiat (hero is a surprise package for you, you 
might make a wild guess and say Urat tlie package comes from 
tlio King of Sweden. But if you make a carefully tliouglit-out 
guess, what would you bo likely to say?" The children mention 
relatives such as parents, or btoUicrs and sisters, or aunts and 
uncles. "Yes, a present on your birthday would most likely come 
from one of your relati^'es. So a liypolhesis about who gave you 
the present would be tliat it was giv'en to you by one of j’our 
relatives." 

Carrying on from tliere, the teacher of a sixth grade could have 
Uie cliildren state hypotlicses and build experiments on these 
working hypotheses. In the same way, the sixtlr grade teacher 
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would want to plan for time to discuss both the question of 
control in experimentation and Uic question of reliability of an 
experiment. It is not likely tliat Uie teacher would spend much 
time on tlie question of vaUdity. That concept is probably too 
diiBcult for most children in tlie elementary grades and is more 
appropriate for senior high scliool science. On the otlier hand, 
just as Mrs. Hamilton worked to luve the fourth grade experi- 
ments botli controlled and reliable without going into a study 
of these concepts, a sixth grade teacher would try to Iiave Uie 
children devise experiments which would prove or disprove what 
was being studied; in other words, experiments whicli would be 
as valid as circumstances would permit 

In addition to the work that sixth graders can do on the experi- 
mental process, tliey can perform many more experiments than 
tlie fourtli grade. For example, Urey could make studies of tire 
development of seeds and of pkmts in dilFering lands of soils— 
clay, loom, sand; they could do some simple work witli hydro 
ponies which would involve a study of some chemicals and 
very elementary chemistry. The experiments at the sixth grade 
level should be much more quantitative in character. The chil- 
dren can and should measure and rveigh the materials that they 
use and should keep accurate quantitative records of their re- 
sults where such records are important for their studies. Further- 
more, at the sixth grade level, since there is such a wide variety 
of ability, tlie experiments should be carried on by groups of 
c^dren or even by sin^e diildrea where necessary so that each 
child works on those problems which are appropriate to his 
own level of ability and of interest. Here is a short list of areas 
from which experiments mi^t be derived: 

}. In a study of seeds and plants, ei^eriraent on: effects of 
different soils; effects of different commeidal fatilizers; ger- 
mination period of different lands of seeds; rate of growth of 
plants under diverse conditions. 
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2. /n a studij of conservation, experiment on: effect of alka- 
linity and acidity of soil on various plants; effects of diemicals 
(acids in particular) on various rocks; effect of running water 
on soils. 

3. In a study of combustion, exx>£riinent on: effect of oxygen 
on burning; effect of carbon dioxido on burning; effect of air 
on burning. 

4. In a study of water and its properties, experiment on: 
buoyancy of waters with differing amoimts of salts in them; 
freezing point and boiling pdnt of various salt soludons; 
volume of water as compared to the temperature of the water. 

5. 7rt a study of air and its properties, e.tperiment on: effect 
of tompenture on the ability of air to hold water; com- 
pressibility of air; rclatiaastup between temperature and vol- 
umo of air, relationship between the pressure and tbe volume 
of air. 

6. In a study of the body and how it worics, ei^criment on: 
various diets and their effects on growth; amounts of water 
in various foods. 

These various experiments would, of course, be parts of general 
units. For example, tlie experiments witli water and air would 
fit into a study of weather and its importance in man's life. The 
experiments must bo so presented that they are not separate 
from the class program but rather a unified part of the whole. 

In addition to the experiments, there need to be various expe- 
riences which explain for the children the general principles of 
tiae science which they are studying, and which give tliem a 
chance to observe both quantitatively and qualitatively the 
various jibenomena around them. But demonstrations must not 
be confused witli experiments. Each has its own place and each 
is important. The demonstrations do two tilings: first, they give 
concrete and visual illustrations of science principles in action; 
second, tliey give the participants a chance to be actively en- 
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gaged in Uie use of some took of science (science apparatus) 
and to do some of llio measuring tlul is so important for modem 
science work. Tlie experiments also do tliesc U\’0 things, but 
Uicy do a tliird important Utiiig. An experiment should give Uic 
children a chance to learn somcUiing of the “if-then" relation- 
ships of tlic universe and should stress the importance of search- 
ing out answers tlirougli tlie cxpcrinicntal method. 


Summary 

Early in the book it was pointed out lliat the schools had rcsi>OQ- 
sibility for helping cliild/cn acquire tl>at information and develop 
tliose attitudes about sa'cnU£c phenomena wliiclt would allow them 
to be paitldpatiflg dtixens in this technical, industrial, democratic 
sodety. Closely tied to the concept which backs tliis thesis is the 
entire philosophy upon which tho experimental approach to tho u'orld 
Is based. In the first plac<^ the experimental approach implies that 
men have not only the right but also Uio responsibility to examine 
all of tho questions with which th<^ aro conccnicd. Secondly, this 
approach suggests patterns of beharior and techniques for study and 
work which readily lend themselves to a tluifty and useful considera- 
tion of man’s problems. 

Looked at from the child-dei'elqpment point of view, tlie experimental 
approach has still another function. Learning is an active process 
and the more it involves the V'arious senses, the more likely it is that 
the material being studied will bo learned. So much of the school 
curriculum is iu the realm of tlie abstract and does not lend itself to 
active learning situations that it is extremely important to exploit 
every possible learning area which can be made concrete. Elementary 
school science is such an area. Almost all of the science generaliza- 
tions which are taught in the dementaxy schools can be explained 
through concrete, personal eiq>eriences. Each individual child can 
have many oppOTtunities to learn by trying things himself. 
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It is necessary, however, diat duldren develop an understanding of 
and facility with the techniques of the experimental methods. But 
children come to school equipped with the prime factor which is 
necessary for developing th^e skills. They come with the innate 
curiosity and with the natiual desire to explore which is the essential 
ingredient of the scientist ITie task of the teacher is to lead these 
children from their random explorations, from their use of a trial 
and error approach, to a rational and organized and experimental 
approach. In the course of doing tlus, the teacher must accomplish 
several important purposes: 

1 . Hie teacher must encourage (he children s curiosity about 
the world around them. They must be encouraged to ques- 
tion, to examine, to wonder, to quest for e}Q;)lanations of what 
they see^ and hear, and feel, and sense. 

2. Tire teacher must foster accurate and precise observation 
of plionomena. When things are measurable, then children 
should learn how to measure them. When they must be 
described qualitatively, then childreo should learn to give as 
accurate descriptions as they are capable of making. 

3. The tcaclier mtist sponsor the childrca in their search for 
unique and ingenious ways of solving problems and doing 
experiments. There is no single way in whith a scientist works 
and the teacdier must encourage each child to find new ways 
to solve old problems through the use of a variety of tools. 

4. The teacher must watdi after the cliildren’s safety and 
must work with them to develop the judgments necessary 
for safe living in such a technical society. Just laying down 
rules is liardly enough. True, there must he rules for safe 
belwvior which are cstablislied by both the teacher and the 
children. But tiiere must also be a rational and controlled 
atmosphere in tire classroom which carries over into all phases 
of work and which keeps experiments in safe bounds. 

S. Tire teacher himself must assume an experimental attitude 
toward his work and thus set s tone for the entire class. 
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Finally, it is well to remember tl^t wo learn by doing and by reflect' 
ing upon u/iol we have done. A program in elementary sdiool science 
must have witliin it opportunities for ‘'doing,' but it also must bavo 
opportunities for organizing the “dorng" and for reflecting and cum* 
ining what “lias been done.” 
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K RESOURCE PEOPLE, TRIPS, 
AND AUDIO-VISUAL AIDS 


T Nviirmr-nvx years ago, if a field trip was planned or if a 
film was to be sbo^vn in class, tbo prospects of sudt activities 
were enough to beep any elementary school class esccitcd 
for a week in adv'ance of tlie event. And the afterglow 
of such events, regardless of (lieir intrmsic and inherent 
merits, was enougii to cause a stir in class for weeks. 

But times have cliangcd. Films and filmstrips are in 
everyday use in tlie elementary school classrooms. And 
field trips,' while not as widely used as iiJzns, are, none 
tlie less, reasonably common. Children have come to accept 
such activities as a regular part of their learning 
experiences and to demand, justifiably, that such activities 
meet tlie standards of fine tcacliing to wliicli tliey have 
a right. No longer will just any film excite them. The 
film must not only be appropriate to what is being studied, 
it must ako meet artistic and cultural standards as well 
Not evefy field trip is welcomed witli unreserved joy, A 
field trip must now have a reason for being, and a 
reason that the cliildrea can undentand and accept as 
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wortliwliile, or it is looked upon as an intrusion in a regular 
and accepted routine. 

In a modern elementary school, there is a need for a variety of 
experiences. Field trips, films, and television, the most vivid of 
such experiences, are often the framework around wliich cliil- 
dren recall whole bodies of learning and entire sets of important 
generali2ations. What makes these activities so important is 
tliat they allow cliildren to enter into many direct experiences 
in areas where tliey have had no previous personal relalionsliips. 
The chance to see and to hear living, dynamic events and the 
opportunity to wtness phenomena which are far outside tlie 
range of their normal ken mean that Uie trips and audio-visual 
materials can bring children much of the very kind of education 
which they need. Through the use of a film, whole new back- 
grounds of iofonnatioD can come to a class. A field trip can 
widen and deepen a whole area of study for a group. A related 
and appropriate television viewing can make an esoteric and 
abstract topic become concrete understandable, and personal. 

Children, as has been noted, come to school with a readiness 
to learn, A group of first graders welcomes new educational 
experiences with relish. And fifth grade children go out to 
explore new ideas and new worlds \vith all the temerity of the 
boldest adventurers. Here, then, is Uje stufi from ^vhich sound 
educational practices can be made- For one thing, audio-visual 
activities can be used to develop entirely new areas of interest 
for children. These days few clrildren liave a chance or the 
patience and ability to witness personally the activities of animal 
families. Yet such activities always capture the imagination of 
children, ^^any is the group of first graders, many the individual 
six-year-old who has found a new range of interest in nature 
through a film such as “Beaver Dam.” The film is just a record 
of the activities of beavers as they build their homes, worl^ 
play, eat, and care fox theii young in and around a dam site. 
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NoUiing fancy, nothing spectacular; just a family of beavers at 
work and play. Yet the children sit entliralled because through 
such an experience tljey are able to find new interests which 
will add to tlieir maturity. This is not to say that all cluJdrcn 
must learn about- beavers in order to become effcctivo adults. 
Rather, cacli new area of exploration, eacli new interest Uiat 
children develop allows them to broaden tlie range of knowledge 
wliich all must have to function effectively in today’s world. 

A FIFTH GRADE TRIP 
TO AN AIRFIELD 

Beyond the task of developing new interests, field trips can 
extend tlie nuTgc of interests wluch luve already been aroused. 
Mr. Watkins had a rather typical fifth grade. His boys were 
concerned witli the usual sports, and scouts, and gamo pro* 
grams; liis girls were busy being Bro^vnics, and studying ballet, 
and adoring horses. But one interest whiclt Uicy had developed 
was somewhat unique to their area. The school was close to an 
Air Force base and planes of all kinds ilew over Uio school 
building all day, every day. Of coiusc, Uie children knew about 
many of tlic planes. Who could fail to know when a |ct roared 
over school and the noise of its engines drowmctl out oil con* 
versaiion? And tlircc of Ute pupils in fire doss were children 
of /Vir Force personnel. Tlicy become the authorities, iJiough 
Mr. Watkins had to moke sure Outt tlieir information was correct. 
Most of the children had become quite interested in Uio planes 
and could identify many of tlic craft tlrat used tbc field and 
could discuss Uic uses and merits of the various types of pLincs. 

However, many of tlio children Iwd never been close to a plane, 
and only one of them, one of the Air Force children, liad ever 
been inside a plane. Tills cltild Iiad flown from overseas where 
his father had liad his previous assignment. Willt all of tlie 
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could explain Uie operations to the cliildrcn at a very elementary 
level, someone who could answer tlie children’s questions with- 
out giving them too much technical information which tliey 
could not digest. As Mr. Watldns planned the trip with the 
weatherman guide, he posed four simple questions which he 
suggested might be answered during tJie visit: 

1. Wliy do airplane pilots need weather iofonnadon? 

2. What land o{ inionnation do the pilots need? 

3. How do the weathermen gather this information for the 
pilots? 

4. How do the pilots get the infonnadm: from the weather- 
men? 

Details and special information about the weatJier services were 
to bo avoided and technical questions were to be shunted to 
late In tlm program when tlie few children who miglrt want to 
ask such questions could iiave a chance to be alone with the 
weatherman. 

Tliat, except for the thrill of lunch in the base cafeteria, ^vas the 
plan for tlie trip. Ed’s father arranged for the class to visit the 
field even thougli Mr. Watkins could have done it Iiimself with 
juSt a telephone call to tlie irtformation officer of the base. 
Parents are often very enthusiastic about showing children their 
places of work and sometimes need to be helped to see that 
children learn best when they do not have too much to leam 
at a time. It was witli some difficult tliat Mr. Watldns kept 
Eds father from showing the children the link trainer room, 
tlie aviation safety center, the fire station, and several other 
important parts of the installation. 'live trip was planned vrith 
two objectives, ifore than that would have been coofiising to 
tlie children, and for many of them would have been a waste 
of time. 
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USING FILMS AND FIELD TRIPS 
TO ORGANIZE PREVIOUS LEARNING 

Audio-visual materials and field trips have anotlier function 
besides providing new interests and extending and expanding 
old ones. Films and trips, for example, can be used to establish 
functional relationsWps among a variety of previous learnings. 
Mrs. DeWilt’s sixtli grade class used a field trip to a power 
station to find out the over-all picture of the production, dis- 
tribution, and uses of electric power in their commimity. The 
children had had many experiences witli electricity. They knew 
its uses in the home. They knew about its uses in business and 
industry. Tliey had several experiences willi different ways of 
generating electricity. They bad read about power stations and 
had even set up a model of a generating station with a toy 
steam engine that Mrs. OeWitt had brouglit to class. But to 
conceive of a coal pile big enough to operate a steam plant foe 
sixty days or to visualize a boiler five-stories lugh %vas too mucli 
even for their vivid imaginations. For her children, Mrs. DelVilt 
wanted the trip to be an integrating experience. The purpose 
was to have the children develop a connected and unified under- 
standing of the whole story of electric power, its production 
and uses. The children were to understand the flow of the proc- 
ess from a coal mine in Pennsylvania to the electric toaster on 
their breakfast table- 

Mr. Zuckers class had the same land of experience with a film. 
In their study of food and other natural resources, the children 
had learned many things. Each of these things was, in itself, a 
whole and important generalization. They had Studied about 
foods and their relationship to health. They had studied about 
mineral resources and power xesources and how they are used. 
But the whole big picture the interrelationslup of aE of these 
smaller units, was not clear to the children, How did food relate 
to power? How did sunshine relate to atomic fuel? How did the 
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sea and its resources relate to healthy children? These were all 
beyond tlie scope of any of the units tliat had been carried out. 
The film that Mr. Zuckcr used was one produced by the Bell 
Telephone Company, “Our Mr. Sun." Originally, the program 
had been produced on television, but it was now available 
tlirougli tile public relations office of the Telephone Company. 
What tile film did was to tell the story of the sun and its im- 
portance to the eartli and to man througliout liistory. Not only 
did it show how all of the natural resources of the earth were 
dependent upon tlie sun and why lliis dependency existed, but 
it also showed what might be expected for the earth and for 
men througli the furtlier scientific use of the sun’s resources. 
Tlnough tliis film, the children were able to pull all tliat they 
had learned togedier into a bigger whole, and from this new 
learning tliey could go on to %v*ork %vith ivider and more com- 
plex concepts. 

USING VISUAL EXPERIENCES 
TO VERIFY PREVIOUS LEARNING 

A further value of these experiences can be found as they are 
used to verify what cliildren have learned in the classroom. It 
is all very well to tell children tliat all of tlio trains between 
Chicago and St. Louis are controlled from a single control 
room, and tliat there are men in tliat control room who can 
start, or stop, or switch a train from one track to another simply 
by touching a button. But one lias to see that sort of room 
really to believe that it is possible. And to get a true picture 
of a steel mill and its size one must eitlier visit it or see a 
film which shows some of its vast operations. After all, reading 
about a cauldron of a hundred tons of molten steel means little 
in comparison to seeing the cauldron or to seeing a motion 
picture of it as it moves across tlie vast mill room and then 
spills its contents into molds as a man touches a lever in a cab 
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some hundred yards away from Uic moving crane and cauldron. 
Or take the matter of understanding a volcano in eruption— what 
it looks like, what it does. There are few American children 
who have seen such a siglit, and even if tlicy have, it is unlikely 
that they saw it under the calm circumstances necessary for a 
study of such a phenomenon. A film can verify all tliat they 
read about such a natural but av.'c«>me event and make such a 
scene meaningful beyond all the reading and listening that they 
could ever do. A good picture may be wortli a tliousand words, 
but a good film is worth a million. And a w’ell*planncd field trip 
^vith clear and defined purposes Is even better than a film. 

Another kind of verifying can be done with field trips and with 
films too. Principles which seem so extraordinary and unusual 
in a classroom often come to have meaning to children only as 
they see these principles applied in living and working situations* 
A small electromagnet made from a nail and a strand of beU 
wire and operated by means of a dry cell will pick up and bold 
a few paper clips so long as the current ilows through the wire* 
Once the current is shut ofif, the cb'ps fall the magnet* 
Teacher says; "Now that is the kind of machine which is used 
to move tons of iron from one place to another.” The reaction 
of the children ranges from skepticism and disbeh’ef to one of 
amazement. Sure, a magnet nan bold a few paper cbps. But 
what kind of nonsense is being pven us? How nan a magnet 
pick up more than ten tons of iron at a time? That is much 
more than a big truck weighs. How could a magnet hold a 
weight like that? Tlien, as the children visit a site where such 
a huge electromagnet is at work and see the magnet lifting not 
ten. tons but as much as fifty ot sixty tons, as they see a magnetic 
crane lift a railroad car and move it from one place to another, 
they come to understand and verify the science principles 
which they have studied in the classroom. 

The same kind of thing can happen with a study of such a topic 
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as radar. The cliildren learn about some of tlie principles of 
radar. They learn how tlie radio signals are sent out from the 
station and how these signals scan die horizon for objects in die 
vicinity. They learn that such radio signals can go far beyond 
die range of the human eye and even far beyond die range 
of binoculars and field glasses. Furthermore, they learn that 
radar signals can penetrate fog, and rain, and snow. Then they 
leam how such signals bounce off the various objects in die 
radar range and are returned to the station and picked up on 
receivers at the station and identified. It is really quite incredible. 
As the children shift in dieir beliefs from doubt to acceptance, 
die danger of such acceptance without benefit of confirming and 
verifying eiqieriences is that they will Uiink of such wonderful 
instruments as “magic." But a trip to an airport to watch the 
operation of the radar installation and to verify in their own 
minds its operation and use, both can help the cliildren under* 
stand the maclilno and its uses and can dispel many of the 
doubts and much of the supentiUous awe which surrounds some 
children's (and adults’) approaches to scientific phenomena. 
Certainly, one must respect the works of science and the minds 
of die men who have created these marvels, but one must never 
be overawed and superstitiously worshipful of such works 
and men. 


BEHAVIOR PAHERNS REIATED TO FJEID TRIPS 
AND AUDIO-VISUAL EXPERIENCES 

Tliere is, of course, anotlier set of major values to field trips and 
to audio-visual experiences, tlie values which derive from learn- 
ing responsibility, from learning how to study a phenomenon at 
first hand, from learning to get along in a non-scliool situation 
wliich is organized differently from tlie regular and usual class- 
room procedures. After all, taking a bus trip to a museum or a 
factory, spending a day visiting, having Iimch away from die 
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school cafeteria or schoolroom, meeting new people and new 
situations, all such experiences are learning experiences and 
require special work ar\d preparation on tire part of both tlie 
teaclier and tlie children. And even tlie showing of a film or a 
filmstrip requires different kinds of behavior and new lands of 
learnings from a group of cliildren. Scliool is for learning and it is 
for learning in many new and varied situations. Developing skills 
and attitudes necessary for Utese kinds of learnings is also a very 
important function of tlie presentation of field trips and audio- 
visual experiences to children. 

SELECTING AUDIO-VISUAL MATERIALS 
AND FIELD TRIPS 

Since field trips and audio-visual materials have such an impor- 
tant and such a specific part to play in Uie school curriculum, 
preparing for their use and planning their place in a unit require 
thorou^ attention. In order to use these materials \visely, the 
teacher should know what materials are available in the area. 
This means, in the case of films, that the teacher examines the 
film catalogs for possible films and filmstrips appropriate to the 
unit being planned. It means, turUier, looking for reviews of 
these materials in such annotated lists as tlie one that appears in 
Chapter XIII and, if possible, previewing the film when the 
original unit plans are being made. Tliis early previewing is not 
always possible, but in such an event, the teacher should cer- 
tainly preview the film before showing it to the dasS. It is even 
possible that he will plan to show a particular film, order it, 
preview it, find it unsatisfactory, and send it back witliout using 
it in class. A film should never be shown to a class group with- 
out first liaving been examined by tlie teacher. 

It is wise to be continually on the lookout for new, interesting, 
and appropriate audio-visual Tnfl^p^j a]^; Keeping personal review 


.188 



tX: Resource people, trips, and audio-visual aids 


notes of films, filmstrips, records, and tapes is a very good prac- 
tice. Such notes do not need to be elaborate. Tliey can bo kept 
on three-by-five file cards \vith a few descriptive comments, some- 
tliing like tins : 

Topic; Living Things Date: 10/60 

Title: Beaver Dam 

Source: State University Film Center 

Review: Good for primary grades. It sboN^'s beavers living, 

^vorking, and playing around thdr dam. 

A file of such cards along with any comments which the teacher 
wishes to make after each showing of tlic film is not only a 
valuable aid but really a necessity in planning. 

Audio-visual materials may be used in a variety of ways. There 
is no reason, for example, why an entire film or filmstrip needs 
to be shown to a class. Only tliose portions which are appropriate 
need be shoNvn. Or if it seems belter to show the entire film so 
tliat the cliildrcn can get a continuous story, then tlicro is no 
reason why portions of the film cannot be repeated. Showing a 
film rivice, mtli discussion between the two sho\vings, is often 
a very good way to (u its information in U)e clilldrcn’s minds. 
Anotlier tecliniquo in the use of films is to show the film without 
tlie sound and have tire feacircr provide Uio narration, replacing 
tlio sound track with his mvn explanation. In this way, a teacl>er, 
knowing the cluldrcn and what Uiey undcrsbnd, often can ex- 
plain Uie phenomena being shown hi a film much more effectively 
than the original sound track. Filmstrips too should bo used only 
as they pertain to Uie work being done by the class. Using five 
frames of a filmstrip, and using tiicin effectively, is much belter 
tlian trying to use all hventy-five or tlurty frames just to show the 
children Uio remainder of the fihn. A good practice willi film- 
strips is to use those frames whi^i are appropriate for Urn class 
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lesson and then keep the projector and the filmstrip in. the room 
for a day or two and allow the children to see the remainder of 
the strip during their free time. When only two or three children 
are involved, this can be done in a comer without darkening tlie 
entire room. There are smaU filmstrip viewers which can be used 
for tliis purpose. If such a vie\ver o-m be kept in class at all 
times, then filmstrips can be used like otlier reference materials, 
and small groups of children can fin d information, from them 
whenever they need to do so. 

In the case of field trips, a knowledge of the potential resources 
is even more essential tlian it is in the case of audio-visual 
materials such as films. Without knowing the community and its 
resources, the teacher is resigning himself to using no field trips 
and thus to eliminating horn bis teaching techniques a most 
valuable aid. Again, a file of such resources is a useful tool. 
Such a file can be made by a single teacher or it can be the com- 
posite of the information on the community and its resources 
as gathered by the entire school stafi. Regardless of who pre- 
pares it, it is well for the file to note the place to be visited and 
then state what can be seen there and what can be learned. 

Things to see Science principles illustrated 

I. Local fahsx 

1. The breeding and rais- 1. Men use animals to provide 

ing of animals. them with food, clothing, and 

power for work. 

2. A pasteurizer. 2. Heat can be used to destroy 

many of the harmful bacteria in 
milk. 

3. A oeam separator. 3. The principle of centrifugal 

force can be applied in making 
useful machines. 
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Things to see Science principles illustralcd 

•J. How tlie land is pro- 4. Througji tlie uso of sound 
pared for tilling and bow conservation methods the yield 
crops are cared for. of the land can be increased and 

the worth a[ the land as an agrf- 
culhiral resource can be main, 
taioed and even increased. 

Jl. T«e POWEB STAno.V 

1. The source of fuel 1. Coa!, oil, waterfalls, or nu* 

supply. clear materials prosude men witli 

usable power. 

2. The turbines and gener* 2. The energy stored up in tlie 

ators. prunesourco (coal, for exampio) 

can be bansfonned through the 
use of machines into uublo 
power (cJcctjidty). 

3. The control grids of the 3. Throu^i tlie uso of various 

power district. instruments and appropriate 

maps of tho district the work- 
ers at the power staboa can pro- 
lide the neoessaiy pou'er for the 
entire district. 

4. Tlie automation aspects ■}. Nmv means of control and 

of Uic power station, new kinds of imtiumcnts ( dosed 

circuit television from the boiler 
to tlie control room, for example) 
keep the number of workers 
needed to nm the power station 
toanunimum. 

5. Tlic use of water in Uio 5. Water is used citlicr for pro- 
production of clectridt)’. ducing llio steam to run a tur- 
bine or for (iio direct operation 
of a uater turbine. 
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Things to see Science principles illustrated 

III. The radio akd/or television station 


1. The various machines 
which are used in broad- 
casting; for example: mi- 
crophones, aiDplihers, and 
antennas. 

% The operation of the 
camera. 

3. Transmitters. 


4. The press and \vire factl- 
itles of the news section of 
the station. 


5. The antenna system in 
relation to the entire sta- 
b'on. 


1. A radio station uses machines 
to change sound waves into 
equivalent electric waves and 
also produces waves which can 
be transmitted over long dis- 
tances. 

2. Light energy can be trans- 
formed into electrical energy 
by the television camera. 

3. The sound and the picture are 
each transmitted over a differ- 
ent frequency. Each, in fact, is 
sent out over a different radio 
signal 

4. Teletype and telephoto ma- 
diines connect all of the country 
and cany news from all over the 
world to the local radio station 
and newspaper. 

5. The radio signals are sent out 
from as high a point as possible 
because frequencies used by 
television are line-of-sigbt wave 
lengths. The higher the antenna, 
the further signals can be sent. 


IV. Tire Cahacc 

1. The machines vvhicb lift L. "Che bydnulie yxeb uses i 
and move cars and trucks, small amount of force to lift a 
large amount of weighL The 
chain lift uses pulley systems 
to provide great mechanical 
advantages. 
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Things to see 


Science principles illustrated 


2. The aic and spot weld- 2. Combinations of different 
ing operations. gases can provide heats which 

are great enough to melt metals. 
Electricity also can ho used to 
melt metals. 


3. The operation of the 
gasoline engine. 


3. A gasiffine engine uses gaso- 
tuio to make explosions. These 
controlled explosions are used to 
provide the mechanical energy 
which eperates the automobile 
or trude. 


Tl\ero are many otlicr resources in every community. The local 
factories offer varied opportunities and each factory has its own 
possibilities. Newspaper plants, mining operations, grocery 
stores, harbor facilities, food processing plants, shoe repair shops, 
bus and railroad terminals, airports, weather stations, military 
bases, and, far from least, the school grounds and buildings tlieni- 
selvcs-all of Uiese facilities can bo explored and the trip possi- 
bilities examined, always keeping in mind the science principles 
which can be demonstrated through llic trip. 

In addition to tlie information about what science material can 
be gained from the trip, teaclicrs need to know several other de- 
tails. For example, it is important to know tlie person with whom 
a trip shoxJd be planned. The time when the trip is taken can 
make tlie difference between a successful experience and a com- 
plete failure. Imagine a trip to a hydroelectric station. All the 
cliildren are primed to see the waterfall running the generators. 
Then, when tlie group arrives, they End that the station is not in 
operation at tliat time. Going over detaib about when to come 
for a visit, how to get to the plant, what people to use as guides, 
these can make the difference between a successful trip and 
a failure. 


IX: Resource peoplettripSyOnd audio-visual aids 


PLANNING THE TRIP 
WITH THE GUIDE 

Once the general infonnation is avjulablo tlrrougli some kind of 
a filing system, teachers can use it for planning and organizing 
specific trips. Of course, this land of a system necessitates con- 
stant revision and evaluation of lire information so that potential 
trips can be kept up-to-date. Bu^ assuming that the file is up-to- 
date and ready for use, the first step in planning a trip is to talk 
to tlie correct person about bringing the children to visit tlie 
plant. This person will vary from place to place. In a large gov- 
ernment agency such as a military installation or a major weather 
station, there is always an information officer in charge of ar- 
ranging such visits. A Ixu-ge factory will have a public relations 
officer. A small factory or a local business will have a manager or 
an owner who will help the teacher arrange his trip. In each 
case, the teacher should plan carefully vritli the proper person. 

It goes without saying that plans will include the necessary me- 
chanical details of the trip, such as where to park cars, 
and how to arrange for meals and for drinking and toilet facili- 
ties. These details are important, but they are only one part of 
the total trip. The major planning concerns the educational as- 
pects of the trip which should be worked out carefully with the 
guide. In the first place, he must know the purpose of the trip 
and see how tliis purpose fils into the over-all objectives toward 
which the group is striving. Unless the guide understands the 
purpose clearly, he will not know what aspects of his plant are of 
concern to the children. Furthermore, a person connected with 
a plant, or factory, or farm, or government agency is so proud 
of his facility that be is anxious to try to show aU of it to a group 
of visitors. This must be avoided. Trips should be for specific 
purposes. The children should know these purposes. The teach- 
ers should build the plans around these purposes. The guides 
should be well aware of these purposes. 
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Once Uia guide has the puipose of the trip clearly in mind, he 
can Iielp tlie teaclier find tliose aspects of his plant wliicli will 
best illustrate what tlie cluldrcn are learning. As the teacher goes 
around the plant beforehand with the guide, he can pick out 
those aspects which seem most important to him and can ask that 
these be stressed when the children, come. But the teacher has 
another job to do too. He must help tlie guide explain in simple 
and clear language what is being shown. Guides are often 
specialists and tliey may forget to drop tlieir teclinical language 
when talking to a group of children. In die planning session, the 
teacher can help the guide find appropriate words for explaining 
the operation of the plant to his group of cliildren, and can pre- 
dict possible questions die children will ask. Finally, specific time 
should bo set aside for a summation of what die cliildren have 
seen. If it is at all possible, diis summation should take place in 
a comfortable room where die children can sit down and where 
there are a blackboard and odier facilities for reviewing the trip. 
Time should be allowed at this point for the children to ask 
questions. 

PIANNING 
JN THE ClASSROOM 

Tlie only purpose for taking a sdiool trip is to further the educa- 
tion of the cliildren. Tliis means that die children must be 
diorouglily prepared for any trip dial is to be taken. The children 
should know the educational purpose of the trip; diat is, they 
should know why die trip is being taken and what diey can ex- 
pect to learn. The children must understand die relationship be- 
tween die trip sad the ualt of study as it is being carried on in 
class. This relationship must be very clear if the trip is to be a 
school learning experience. School trips are different from family 
outings in this major respect A fcuniiy outing is primarily an 
opportunity for a family to enjoy something togedier. The edu- 


195 



IX: "Resource people, trips, and audio-visual aids 

cational experiences of such outings are incidental. A school trip, 
on the otlier hand, is an educational experience first and fore- 
most. Of course, tlie children should and will liave a good time 
on the trip. But we take children on school trips as part of a 
planned program of learning. Unless this is tlie purpose of the 
trip, and unless the children know this purpose, then tlie trip 
should not be taken. 

An important part of the trip experience can be tlie pupil par- 
ticipation in the planning and organizing of tlie trip. Tliis plan- 
ning phase of trips offers excellent possibilities for giving the 
most able cliildren some extra opportunities. These children can 
go along witli tlie teacher on the preliminary trip to help set up 
the itinerary for the regular trip. Such able youngsters can be 
counted on to seek out tJie points of interest, to recognize many 
of the unusual features of the trip, to see and note those aspects 
of the trip which will cause difficulty to cliildren. Using the help 
of these children will not only ^ve them some additional experi- 
ences but will also benefit the entire class. 

Once the pre-trip has been taken, the class must plan for tlie 
regular trip. \Vliat questions are to be answered? ^Vllat items 
should be particularly noted? What behavior is expected and 
why is such behavior necessary for the success of the trip? 
Questions like these need to be part of the children’s preparation. 
This preparation can be carried on through a variety of tech- 
niques depending upon tlie age of the children going on the trip 
and on the place to which the trip is taken. For an older group 
going to a museum, for example, the class may prepare a dupli- 
cated sheet of instructions and questions so that each member 
of the class will know what he is looking at and what he is look- 
ing for. Such a list of questions can very well grow out of the ex- 
periences of the preliminary planning group and its report to the 
class as a whole. On a trip to a factory, the cliildren can discuss 
in the planning session the kinds of questions which they want 
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answered by the person who is going to take them around the 
factory. With younger children, the plans may include a specific 
assignment for each child so that one cliild find the answer 
to one question and another to some other pertinent question. 
These answers can be brou^t together later in the class sum- 
mary of the trip. 

This planning in advance, along with the trip itself and the sum- 
mary of the trip, serves also to develop the maturity of the cliil- 
dren. Learning is more and more possible as children become 
responsible for tbeir own behavior and their own learnings. And 
science trips can be used to develop this area of personal respon- 
sibility as well as to further tlie specific goals of elementary 
school science, 

THE TRIP 
ITSELF 

During the field trip itself, the teacher’s role is to act as the in- 
terpreter for the children. It is most important that he be ob- 
servant of tlie many things that go on. He must hear tire ques- 
tions that the children ask; be must watch tlieir faces and see 
when they understand and when they are puzzled. It is only he 
who can stop the guide and ask for further e;q>Ianation. The 
cliildren may perhaps be too shy. Of course, careful planning 
will have eliminated many of these pitfalls. But still, sometimes 
the guide’s language will become too teclmical, and then the 
teacher, recognizing what has happened, must make sure that 
tlje cliildren’s questions, either ezprrased or implied, are being 
answered to Uieir satisfaction. Finally, the teaclier must help the 
guide with his presentation. Most guides are not teachers and 
may not know the techniques involved in good presentations. 
So, for example, the teaclier walks along with the guide and 
makes sure that the children are gatliered around him before he 
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starts to speak. Walking in tliis way also allows the teacher to set 
Uie pace and thus wait for the children who may fall behind. The 
teacher can also allow the cluldrcn to do some of tlieir own dis- 
covering. But, if the children do not find what may be an im- 
portant link in tlicir understanding of wliat is being studied, then 
the teacher is there to make sure it is pointed out and understood. 
Finally, the guide should help sum up what lias been seen. Here 
the teacher makes certain that the information is covered point 
by point and that the children are given an opportxmity to ask 
questions about what they do not understand. 

SUMMARIZING 
THE TRIP 

Once the trip has been taken, there is still much to be done if 
the total experience is to be worthwhile. Tlie trip must be sum- 
marized and evaluated and fit into the total unit. A good pro- 
cedure for summarizing a trip experience will have four parts. 
First, the significant factors of the trip should be examined. ^Vhat 
did the trip explain and how did it explain these things? \Vhat 
were the high points of the trip? What were the imusual things 
which impressed the children? The second step is to determine 
the extent to which the trip answered the questions for which it 
was taken. If the trip was intended to show the functional rela- 
tionships between fuels and power, can the children answer the 
questions which they formulated beforehand on topic? The 
third part of the summary is to allow for consideration of new 
questions and new informatiou which the trip lias brought to the 
c hildr en. In addition to answering old questions, a good field 
trip should raise new questions both related to the materials the 
children are studying and in areas that are not necessarily tied 
in directly with what is being studied. Thus, a field trip to a mu- 
seum may have as its prime purpose finding out about the ways 
in which various animal groups live. Yet, if the children in their 
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free time at the museum become interested in geologic materials 
or dinosaurs, or fossils of plants, they must have a cliancc to dis- 
cuss and summarize these findings too. Perhaps these incidental 
interests may lead to further units of study. Finally, the summary 
of a field trip reviews and fixes the relationship between the field 
trip and the unit of study being carried on. Unless and until this 
kind of summary is made, the field trip is not completed. 

RESOURCE PERSONS 
IN THE CUSSROOM 

For tliG most part, the discussion so far has concerned field trips 
and audio-visual materials such as films. Many of the functions 
wliich are served by tliese two kinds of educational experiences 
can also be served by biin^g an expert or resource person into 
the classroom. Tliere arc innumerable persons in any community 
who are botlt happy to came and bring material to tlie children 
in school and who also are capable of giving the children a veiy 
worthwhile experience. 

Bringing a resource person into the classroom often serves the 
some functions as taking the children to see some special phe- 
nomenon. The resource person brings an authoritative svord on a 
problem >vhich the cluJdren arc studying. He con tcB them about 
some aspect of science, because be is a scientist He can tcU them 
about dying airplanes because Ire is a pilot He can tell them 
about building bridges because he is an engineer. Again, how- 
ever, it must be remembered that the function of tlio resource 
person is to add to tlic work that is being done in the classroom. 
Ho is not brought in to amuse or amaze the children. Ho comes 
to heTp teach spccilTc materiais to the clUldrcn. 

There are a fe\v simple tilings whidi a teacher can do to make 
the Nisits of such resource people more successful 
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1 . Remember that the expert is not a substitute teacher. He 
is bringing information, but the teacher must be there to help 
him get his information across to the group. 

2. Be sure that the students Icnow why the expert is coming 
and that they are ready to learn what he has to present. 

3. Limit the material which the expert is going to present 
He may know a great deal about chemistry if he is a chemist, 
but he cannot cover all of chemistry in the course of an 
hour’s talk to a fifth grade. The resource person should work 
on one topic and do it simply and basically. 

4. Use what the resource person brings to the class as one 
part of an over-all imit of work. Such people should be 
brought to class only when they fit in with die work of 
the dass. 

Quite aside from the value of the infonnation which such re- 
source people can bring to a class, there are other important as- 
pects to visits by experts. For one thing, here are important peo 
pie coming to help the children. Here are "real scientists!” Best 
of all, such people are not hard to find. Every school and often 
every class has resource people among its parent body. Remem- 
ber, “expert” is a relative term. There is an old joke that every 
man is an expert as long as he is more than fifty miles from home. 
A good custodian is an “expert” on what is in the school base- 
ment A high school science teacher is an expert on plants and 
anim a l s not only for his own students but especially for elemen- 
tary school children. A neighborhood doctor is an expert on 
health. These are the people who can help children learn. 


RADIO AND TELEVISION 
IN THE CUSSROOM 


Almost since the first use of radio, many teachers recognized the 
educational potential of this medium. Many stations and many 
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school systems organized radio programs for use in the cJassroom, 
and among tliese programs were many on science. In essence, 
of course, tliese programs were e:^rts coming into many class- 
rooms at once. They liad distinct advantages and distinct dis- 
advantages. On the one Itand, some very competent experts 
could be brouglit to school, and they could have large, even 
enormous audiences. For another tiring, in a large school system, 
through tiro use of radio, all lire children at a given grade level 
could receive instruction on tire same science material at the same 
time and in the same way. School administrators could be sure 
that there would be no repetition that rvas not planned and that 
all the material which they felt should go into a program could 
be included. Finally, radio education could be comparatively 
inexpensive. One expert teaclrcr could be used to instruct many 
classes at one time. But disadvantages were many. For one thing, 
not all tirird grade ciriidreir ore ready for the same science ma- 
terials at die same time. For aootlier, cliildreo who listen to a 
radio program and whoso science teacher is miles away in a radio 
studio cannot ask questions about tilings wliicb Urey do not un- 
derstand. And even more important, teachers cannot watclr the 
childrens reactions and stop and repeat when necessary or go 
back to a related point whicli is appropriate for a given lesson. 
Theoretically, classroom teacliers were supposed to serve tliese 
functions, and often tliey did. But just as films or live experts 
brought into tiie classroom could not replace teachers, so radio 
could not eitlier. 

Television now has come to school. It is, certainly, a marvelous 
educational tool. Not only can experts be brouglit into the class- 
room througli the medium of sound, they can now be seen as 
tliey work. Good camera techniques can often bring an experi- 
ment or a demonstration closer to tlve children tlian if the dem- 
onstrator were right in the classroom. Television programs 
thus have very fine possibilities for science teaching. Children 
rnn watch science demoostratiims from "ringside” seats and can 
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hear explanations of science phenomena given by experts who 
not only have a thorough understanding of science but who also 
know children and how to teach them. Furthermore, television 
has another important use in the classroom. Through the medium 
of television, children can observe history as it is being made. 
And since so much science history is being made right now, both 
their great curiosity about science and their interest in the world 
aroimd them is served through thic new educational took 

But again, all the difHctilties in radio are inherent in television 
programs. Education is a very personal and active affair. Each 
child really must be placed in a position where he learns. 

And the function of the teacher is to see that he does tin's learn* 
ing. The teacher motivates and summarizes and repeats and he 
recognizes when he can go on with the lesson and when he must 
go back and review. And for this kind of teaching, neither radio 
nor television lessons are enough. 

Thus, radio and television can be used, and used effectively, to 
bring experts into the elementary school science classroom. But 
to do so, the classroom teacher must still be the center of organi- 
zation. It is he who must plan how the program svill be used. It 
is he who must watch the childrens reactions and ask the per- 
tinent questions and review the lesson. In short, these programs 
are of the same character as films and other audio-visual devices 
and should be used in the same ways. 


Summary 


Field trips, audio-visual materials, resource people, radio and tele- 
\'ision programs-all are important ways of carrying on active lea rp'ug 
expenences with children. Such experiences give the children a 
chance to use many of their senses in learning. But the impcntant 
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thing to remember is that such expoiences are onl/ means to an 
end. In and of themselves they have limited value, It is different for 
out-of-school activities. At home, in a camp situation, in a club 
program, these Hnds of experiences can have worth for recreation 
and for amusement. But sdrool u for specific It»aming c^ and field 
trips, resource people, audiCKvisual materials, radio and television 
must sen’s these educational ends or they should not be used. 

Since these Icinds of experiences have such important educational 
uses, they can be emplc^cd often if thdr functions are kept clearly 
in mind. Use these techniques when: 

1 . A set of direct experiences are needed in an area to help 
the diildren build background for further study of the 
subject 

2. A new set of interests can and should be developed with 
the children or old interests should be extended and expanded. 

3. The principles that the children have leained as small 
but separate wholes can be put together as a larger and 
more complete picture. 

4. A field trip or a film can b^p drildrcn understand and 
verify for thonselvcs some phenomena which previously 
were entirely in the realm of the theoretical. 

There is an additional value to these experiences which should be 
noted. Field trips and films can be very useful in helping children 
see and understand the relationships between science prindples and 
concepts and other aspects of the curriculum. As children go out 
on a field trip to a factory, th^ cannot help noting the soda! science 
aspects of their trip. In like manner, integration ^vith other areas 
of the curriculum also can take place on science field trips. But this, 
so to speak, is an added dividesd. Irimarily, the Geld trip and the 
audio-visual experience is a good way to explain certain sdenco 
principles and concepts, and should be used for that 
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IN ELEMENTARY SCIENCE 


A SOUND elementary school program should be a vast 
continuum vntli no absolute beginnings and no absolute 
ends except entrance into school on the first day and 
graduation on the last. Eacli item that is learned, each 
concept that is formulated, each unit that is completed 
should lead on to new leamings, to new questions, to new 
and wider horizons. But getting tlie optimum from a 
learning situation calls for a variety of summarizations 
so tliat the transition from one unit to the next can 
be smooth and effective. And one of the most useful of 
these summarizations is the culminating activity. 

A culminating activity is the natural and direct outgrowth 
of a unit of work that has been studied by the children- 
It can be a play which Uie children produce or it 
can be an exhibit which they prepare. It f'an be a 
science newsletter or a report. It can be material for 
a science fair or it can be a science assembly program 
given by the children. But regardless of the form it takes. 
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it must be directly related to wliat the children have heea 
studying and it must be dear to tliein, to the teacher, and to 
everj'one else concerned tliat (he activity grows out of and is 
dependent upon what the class has been doing. Any of these 
culminating activities slrould have two major purposes. First, 
suclj activities should serve to Jir tlic Jeanungs that the children 
have aclueved. Second, Urey should give the cliildren some 
incentive to go on from the questions and problems wliich they 
have mastered to new and broader problems. 


CRITERIA FOR 
ASSEMBLY PROGRAMS 

By far tire most important type of culminating activity is the 
assembly program. The assembly provides the opportunity for 
a group of cliildren to present eitirex to the whole school or to 
some part of the school, materials, in this case sdeoce materials, 
which tlicy have been studying in their class. For example, a 
group of fourth graders has been studying about conservation. 
An assembly con be built around Uiis subject. Deciding, first, 
whether this should bo done at ail and, if so, which classes 
should bo invited to the production necessitates answering two 
questions: Will tlic children who have studied about conserva- 
tion profit from putting on such an assembly? Assuming tlje 
answer to tlu's question' is affirmative, the next question is: 
\Vldch groups of cliildren can profit from attending such an 
assembly? Answering the first question means examining such 
problems as: What is the best way for the group to summarize 
what it has learned? Perhaps a series of reports would be best. 
Perliaps an exhibit would be more appropriate. Perhaps no 
formal culminating activity is necessary for tliis unit Activities 
of riii< land are time and tlie teaclier must make cer- 

tain tljat the time and effort ^ent on such an activity are 
worthwhile from an educational point of view. Furtliermore, 
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one must decide whether the program can grow naturally out 
of the work that the childrCT have been doing. Unless it grows 
from their work, and unless the children can see this relationship, 
the program is liable to be nothing more than bus>^vork for 
them. Then there are such questmns as: Is the group ready for 
the responsibility of putting on a program of this kind? Can a 
sufficient number of children be involved in the program to 
make it a worthwhile experience for the whole class? \Vhile 
these last two questions are not directly related to the science 
unit under consideration, they are directly related to the de- 
velopmental level of the group; learning, as has been pointed 
out is not compartmentalized. A subject like conservation can 
make a fine assembly program, but unless the fourth-grade chil- 
dxm are ready for the responsibility of such a program and 
un ess Uiey can profit from it, putting on such an assembly is 
worse than useless. 


The second question-Which groups of children can profit from 
® aucli an assembly? — also has various ramifications: Can 
the pitaaiy classes understand enough of the presentation to 
^o It profitable for them to sit through such an assembly? 
IS tlm the sort of program which should be presented to aU the 
clulrheu m the inteimediate grades or should it be given only 
tor the other fourth grade classes? Should parents also be invited 
to the assembly? Should this be a special program given just 
for the pmeuts of the gmup? He anssvers to all these quesUons 
must be detenniued un the basis of the needs and readiness of 
the clMs m p:^cukr and the school as a whole. It is probably 
a g^ nJe of thumb, hmvever, to keep programs for primaiy 
^de cluldren sunple and short Those for older children can 
be more ertensive. But the two criteria-the learning values for 
the chJien who give the program, and Uie learning values for 
4ose who see it-should be taken into consideration and must 
become the basis for decision. 
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A SECOND GRADE ASSEMBLY 
ABOUT CHICKS 


Assuming tliat tliese criteria have been met, how should a 
teacher go about planning an assembly program? This is the 
way one teacher used an assembly. Afiss Young had an enthusi- 
astic and spirited group for her second grade class. They spent 
six weeks studying about ducks and had the exciting e:q)erience 
of incubating eggs which came from one of tlie farms in the 
neighborhood. Having had some previous experience with this 
kind of situation. Miss Young had been very careful to make 
certain to use fertile eggs, fn fact, she used eggs from a Iiatch- 
cry so that she was positive of results. And on the twenty-first 
day, according to schedule, tlie eggs hatched and there were 
seven baby chicks. Tlie ducks had started hatching before school 
opened and when the diildren arrived two were out and the 
others were peddng their way through the shells. The excite- 
menC was keen. “Can we pick them up?*' "Oh, look. That one is 
all iluiFcd out." "Gee, tbey’ro cute. Can 1 bring tay sister in so 
she can see them?" "Let’s show them to Mr. Smith [the prin- 
cipal].” "Hey, I’m going outside and tell everyone to come in 
and see our chickens." 

Here, Miss Young stepped in. "Hold on there, David. Let’s not 
invite people in here yet. \Vhy don’t we make some plans so 
that we can liave all the children come and visit our chicks?” 
With some difficulty, tlie children came away from the little 
incubator and sat doivn to plan how they might share their 
good fortune with others in the school. ^Vhile hfiss Young had 
not made specific plans for having the diildren put on an assem- 
bly and bring the uifonnafibn they had gathered to the other 
classes in tlie school, she had known tliat it was possible that 
such a program might evolve from their work. With such an 
exciting project going on, it was inevitable that die cliildrea 
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would %vant to share their findings. The decision that needed 
to be made concerned tlie extent of such a sharing program. 
This would be the first experience for these second graders to 
present information to another class, so it seemed wise to limit 
the audience to the cliildren in the other primary grades. Ex- 
ceptions were made so that a few of the older brotliers and 
sisters from the upper grades could come. This experience also 
had possibilities for use in explaining the science program of 
the second grade to parents which Miss Young intended to 
exploit separately. 

The children, with Miss Youngs help, planned a simple program 
for the primary grades. The program would include the demon- 
stration of several of tlie science principles wluch were involved 
in the unit. One group of children would explain the ther- 
mometer and how it operates. They would set up an air 
thennometer using colored water for the h'quid and show how 
the position of the liquid could be changed with the warmth 
of their hands. They also had a large, clearly marked ther- 
mometer which they got from the science storeroom and, using 
a large pan of ice, they could demonstrate the falling and rising 
of the thennometric liquid (colored alcohol in this case) as 
the thermometer was put into the ice water and then removed 
from It 


A second group of children would demonstrate the workings of 
Uie Aermostat The device which the children had used in their 
^bator was a simple one which Miss Young had obtained 
irom a fann supply house in the neighborhood. When the ther- 
mostat was cooled, it made contact in an electaic circuit and 
ht a bulb which warmed the eggs. As soon as the desired tem- 
t ° automatically broke the 

wanl^lf *°.t,“r 

show thu bulb and thermostat circuit and erplain ' 
purpose m the incubation p 
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A third group would explain what the children kne^v about 
tlie incubation process and show a series of their drawings to 
illustrate tlie work of the unit. The fourth group would show 
the chicks and tell about bow drey were being cared for. what 
tliey were being fed, why they were being kept warm with a 
lamp, and what the cluldren planned to do with the chicks. 
They were to be given to one of the children who lived on, a 
farm. This last point was important because Miss Young wanted 
to have the clucks removed from school at the proper time 
witliout too much fuss. 

After working out the details of the program, the children 
rehearsed what they were going to do. Miss Young kept the 
program very simple. There were no lines to memorfee, no 
formal parts to be played. Each of tbe participants was 
thoroughly familiar with the principle wluch he was to explain. 
With tills knowledge, he was able to make up his own words for 
the explanation. Hus very technique vras on important part of 
tlie summarization and an important way in which Miss Young 
was able to determine to wliat extent the cluldren knew and 
imderstood the concepts wliicli they had been studying. The 
rehearsals and tlie program itsdf were held in the classroom 
and no formal stage was used. Every child had some part and 
no child had a large part. 

Miss Young decided to allow the cluldren to present tlie pro- 
gram to tlie parents also. She realized, of course, that a presen- 
tation for parents at 2:30 in the afternoon would really mean 
an assembly for mothers. She would have liked to have tbe 
fathers too, but she felt tliat bringing the children to an eve- 
ning meeting when fatliers could be present would make too 
much of tlie program. Afiss Young’s purpose for holding this 
meeting was to show the motliers, and those fatliers who 
could come, some of die science work tliat the cliildren were 
doing. The opportunity to demonstrate to their parents their 
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knowledge of several science principles could do much for the 
children’s self-esteem. 


A SIXTH GRADE ASSEMBLY 
ON FIRE PREVENTION 

Another example of the use of assembly programs was carried 
out by a sixth grade that had been studying combustion and 
fire prevention. The sixth grade assembly was also the opening 
event in the observation of Fire Prevention Week. It was pre- 
sented to the intermediate grades only, because the program 
was too long for all the primary grades children and the material 
to be presented was too difficult for many of them to under- 
stand. The program was an explanation of the faclon necessary 
for combustion, of the ways in which a fire might be prevented 
by keeping these factors from being brought together, and of 
the ways in which a fire might be extinguished by eliminating 
one of the necessary elements. The children had four principles 
to illustrate in their assembly: 

1 . There are three things whidt are necessary for combus- 
tion or burning; fuel or something (o bum; oxygen or air; 
ignition temperature or enough beat to start the fire. All 
three are necessary for combustion. 

2. There are many ways in whidi you can get beat; for 
example, you can get it from friction, ot hom dectridty, or 
from li^t, or from chemicals. This changing of friction to 
beat, or electricity to heat, etc., is called transforming energy 
from one form to another. 

3. Fires can be prevented by maldog sure that tb© three 
factors necessary for combustion do not come together. 

4. Fires can be controlled and extinguished by removing one 
of the necessary elements. Most often this is done by remov- 
ing the fuel or by removing the air from around the fire- 


210 



X: Culminating aciloiHes 


In order to illustrate these principles, the children ^vor}:ed out 
a series of demonstrations which they used for their assembly. 
The children, ^vorldng in groups of hvos and threes, planned 
and organized various demonstrations; for example; 

1. Two boys, using a bow and spindle obtained from their 
Boy Scout Troop, demonstrated fire mabing through use of 
hiction. 

2. Also using scout equipment, two girls and a hoy made 
fire with flint and steel. 

3. Another group made a fire with ground-up potassium 
permanganate and a few drops of glycerin, using the chem- 
ical reaction as the energy source. 

4. Using sunlight and a burning glass, several children 
sbmved that h'ght energy could be transfonned into beat 
energy to start a fire. 

5. Using a dry cell and a spark coil which they borrowed 
from the high school sdeace labotatoiy, several children 
sho^v’cd the relationship between electricity and hea^ and 
used the resultant heat to start a fire. 

6. Using materials such as oily rags, imitation cigarettes (the 
children in group had a wonderhil time with candy 
cigarettes for props), and newspapers, a group put on a skit 
about fire prevention in the home. 

7. Two boys who were interested in electricity, prepared a 
simple demonstration to show what a short circuit is and 
how a fuse prevents fires by brealdog an ^ectric circuit which 
is overloaded. 

8. A group made a simple fire extinguisher out of sodium 
bicarbonate and vinegar and, using this apparatus, put out a 
fire which they built in a metal waste basket. 

All of these demonstrations were woven together by one of the 
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children, who gave the theme of the program and emphasized 
the principles being explained. The narrator also stressed the 
safety aspects of each demonstration and as he talked about 
safety tlie cliildren who were giving the demonstration showed 
their own safety precautions. Hiey showed the asbestos mats on 
which they worked. They showed how they were careful about 
keeping their dolhing away from the fire. They showed all the 
precautions they took in order to maintain safety. 

The final section of the assembly was a presentation of safety 
rules with fire. Here a group of children showed the correct 
ways in which to store combustible materials. They reviewed the 
sldt about safety around the home. They told what to do in the 
event of fire. They explained what to do if a persons clothing 
caught fire. They talked of the danger to forests and wooded 
areas from carelessness with either camp fires or with burning 
matches, cigars, or cigarettes. 

In addition to the children’s program, the local fire department 
put on a demonstration of their apparatus during the week. Using 
die school playground, they showed how various kinds of fire 
extinguishers work. They showed asbestos suits and other fire- 
fighting clothing. They demonstrated various nozzles and ex- 
plained their uses. And they showed the cliildren how gas 
masks are used in fire fighting. This was a very impressive part 
of the program for the children since they were allowed to try 
on the gas masks. The firemen also loaned the sdiool various 
pieces of apparatus (extinguishers, nozzles, hose sections, and 
several other items) which were displayed in the school exhibit 
cases. 


The firemen’s program was closely tied in vrith the assembly 
which the children had conducted. The fire chief had come to the 
assembly and had been most helphil in the entire unit. When the 
firemen demonstrated the professional apparatus, the chief, who 
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was explaining wliat they did, referred over and over again to 
the principles which the cluldren liad explained in their assembly 
program. As the professional soda*acid extinguisher was being 
demonstrated, he explained its similarity to tlie bicarbonate-vine- 
gar extinguisher which the cluldren had made and used. When 
the carbon dioxide-foam cxtinguislier was demonstrated, tlie 
chief pointed out how tins extinguisher eliminated the oxygen 
from tlie fire and tlius put out the fire. This was a veiy exciting 
demonstration because several of tlie cliildrcn were allowed to 
rclcasQ tlie trigger on this extinguisher and direct the stream of 
foam onto a small fire. Finally, tlie firemen demonstrated some 
of Uic first aid tedmiques for fire tn/urics and stressed the im- 
portance of immediately reporting fires to the fire fighters. All the 
children were given small stickers witli the fire company’s tele- 
phone number and directions on how to report a fire. 

Assembly programs like these not only serve to clarify and 
summarize tiie information which the children have gathered in 
science but tliey also give tlie diildren opportunities to gain 
recognition for what they Iiavc achieved. Wlien the sixth grade 
children wrote a letter of thanks to tlie fire chief, tliey received in 
return a long letter which praised their work and which appointed 
them all “Firemen, Junior Grade” witli badges which they wore 
witli pride. Tliey knew Uiat they liad done a fine job. In the same 
way, the second grade cliildrcn gained status and consequent 
maturity from tlic knowledge that their work was appreciated 
and understood by their peem and parents. Providing the children 
an opportunity to gain recognition for wliat tliey have done is an 
important function of a culminating activity. 

EXHIBirS 

Culminating activities in the science program can also be built 
around exliibits. Exhibit cases in tlie hallways of the school are 
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Amphibia,” tlje “Age of Rutiles,” and Uie “Age of Afammals.” 
Using Uiis infonnation, the children prepared the dioramas. 
Papier-mMie became mountains; tin pans painted black became 
tar pits; twigs and moss and grass became giant trees and ferns. 
And in the shade of these forests, scale models of dinosaurs and 
otiier beasts roamed as tlie children imagined they would have 
done tJiousands and millions of years ago. AU their work, all of 
their study was tljus used for preparing the exhibit. Not only did 
they summarize most effectively what they had learned, but the 
exhibit was enjoyed by tlie other diildren and also by the parents 
when tliey visited the school for a grade-parents meeting. 

SCIENCE 

FAIRS 

Closely related to exhibits are science fairs. They too can serve as 
excellent culminating activities. But science fairs, while similar 
both to assemblies and to dass exhibits, have certain special 
characteristics and uses. In the first place, they are mudi more 
suitable for projects by individual children and by small groups 
of diildren. Over tJie course of the school year, children from 
every class will have worked on small group projects. The fair is a 
good time for displaying them. Tlie exhibit of a group of diildren 
which shows the community’s water system, the exhibit which 
shows how tlie water is purified, the display of the water cycle 
and its meaning for men, all of these can be part of a science fair 
exliibit Then there is also a place for the science work of individ- 
ual diildren. Science clubs encourage the children to work on 
individual interests and science fairs are media throu^ which 
such individual work can be diqilayed. 

But fairs can be used for another purpose. They can serve to 
show all the children and the entire staff the scope of the science 
work that has been carried on in the school during the year. This 
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example, one useful device for organizing a fair is to build it 
around a theme. One such theme that has Iiad a considerable 
amount of success is "Science in Our Town.” In this kind of an 
exhibit, the displays indicate the ways in which science has had 
an impact on various phases of life in the community and the 
principles of science wliich underh'e each of tlie apph'catjons 
shown. Thus, there might be an exhibit of the various transporta- 
tion facilities of the community along witli the explanations of 
the science prindple underlying each of the modes of transpor- 
tation-cut-out models of Diesel engines, diagrams of gasoline 
engines, models of trains, models of planes, dra%vings of bridges, 
maps, and the hke. Another ediibU miglit show different kinds 
of industry in the commum'ty along with the explanations of the 
maclunes used in the various plants and factories. Still another 
might concern itself with tlie agriculture of the area, or with the 
electric power plants, or the sewage disposal system. The younger 
children, if tliey ore to be involved in the program, might work 
on the plants and animals of the community, or on tire use of elec- 
tricity in the homes. There are, of course, many other possible 
themes: “Transportation Tlirough the Ages," "Commurn'eation," 
"Flight,” "Poiver and Energy,” "Health,” "Conservation,'' "Fron- 
tiers of Science”; and all lend tliemselves to projects which can 
bo done by classes, by small groups, or by individuals, and they 
can be done with varying degrees of maturity. Always, there can 
be a special section devoted to individual and group projects 
which fall outside the theme, but which are wortliy of display. 
Tims, all the children can have a part in tlie program and all can 
engage in creative science work at the level of their abilities. 

WRITTEN REPORTS AND ARTiaES 
FOR THE SCHOOL NEWSPAPER 

There arc times when the best kind of culmination to science 
work comes in the form of the written report. Such reports can 
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be of real service to children wlio have worked on individual 
projects. A written report i^ after all, a means of summarizing 
the information tint one bos gathered about a topic. At the ele- 
mentary school level such summarizations are most \'aluable to 
the reporter. For this reason, tliey should be used to help the 
children not only in the area of science but also in the area of 
reporting, in this case, science reporting. This objective the 
anal)'sis of a science problem and its posing in a succinct and lucid 
statement, should bo made dear to the cluldren. They must kno\v 
that the reason for writing reports is as much to Icam to write 
creditable science statements as It is to summarize the science 
that they have learned. Too often, children are not informed of 
this purpose and, consequently, can see no reason for producing 
their reports. 

Of course, science stories are newsworthy and should be used in 
the school newspaper. Again, however, the function of a school 
newspaper, particularly an elementary school newspaper must 
be kept in mind. The school newspaper is mainly for the writers 
and their parents. To get ones material printed is very impor- 
tant at any time. WTiea a person is seven, or eight, or ten years 
old, ha^-ing a story printed is even more impressive. Children 
will work v-ery' effectively for such a goal, and they can and should 
be held to as high sta ndar ds as they are capable of attaining, 
like e\eiythmg they prepare for the newspaper, the science 
stories should be done mth great care. The facts should be stated 
accurately and simply. The generalizations should be properiy 
drawn. All of these things children must leam how to da Thus, 
as well as teaching the science material^ teachers instruct in the 
writing of science reports. 


Summary 

saenoe needs to be summarized as it draws to a dose and, 
eften, oilminatmg activities in the form (rf assemblies, sdaico 
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fairs, and written reports can bo useful for this purpose. Tlie culminat- 
ing activities always must gro^v out of the work that tho children have 
been doing in class. ^Vlien such ectiviUes are a natural outgrowdt of 
tho children’s work, they are effective learning devices. The following 
criteria are suggested for planning and using culminating programs: 

1. The activity must be directly related to the w'ork that the 
children have been doing. 

2. The activity must summarize the high lights of what has 
been studied and must be a device through which the produc- 
ing group can state its learnings. 

3. The activity should be carried on through the most effective 
medium available. These various media include, among others, 
assemblies, exhibits, science fairs, and written reports. At 
times, culminating programs carried on by a class can be re- 
lated to whole school, city-wide^ state-wid^ and even national 
celebrations and observations of appropriate science subjects. 

4. Programs should be presented only to tlmse children who 
can profit from seeing them. If the audience is too young or, 
conversely, too sophisticated for the material being presented, 
the resultant values ore duruoisbed. Teachers must consider 
not only the intellectual maturity of children, but also their 
physical and emotional maturity. A group may be intellectu- 
ally able to understand a program, but may not be able to sit 
still for the time required. All such factors need coosideratioa 
when the audience is chosen. 

As such criteria are considered and brought to bear on the planning, 
organizing, and producing of culminating programs, several values 
accrue, in the first place, and by far the most important, are the values 
to the children who put on the programs. Tlje children will grow both 
educationally and socially from such well organized programs. Tlien 
there are tho values which accrue to the audiences. Otho" children 
too can grow intellectually and leara much from attending these as- 
semblies ou- examining exhibits. And Ihoe is still another value. Cul- 
minating activities ore often very usehil in bringing an understanding 
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of the work whicli the children arc doing in sdenco to their parenti 
and to other adults in the community. This final value is the extra 
dividend that comes along free as the other >'alucs ore met. 
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EVALUATION IS MORE 
THAN JUST TESTING FOR FACTS 





VT EVALUATING CHILDREN'S 
-A.1 GROV/TH IN SCIENCE 


T UE key words in teaching are “why,” "what," “when," 
“how," and “how well.” These words are tlie determinants 
of the tasks of education. Tl)e “why” is the phiJosophyof 
education upon which the school is based. Generally 
speaking, such a plUlosophy in American society is the 
responsibility of die community as a whole and not fust 
die responsibility of the teachers alone. But the odier four 
functions, the "wliat," the "when," the “how," and the “how 
well" are specifically die responsibih’ties of teacliers. TTiree 
of Uiese four major tasks of teaching have been considered 
so far: first, what should the children learn in the area 
of science; second, when should die children learn various 
science materials; and third, what are the most effective 
means of helping them leam die science. The fourth 
important responsibih'ly for the teacher is to ascertain how 
well students are attaining the goals established for die 
program. Tliis careful appraisal of die student's progress 
toward die objecb’ves of die curriculum is referred to 
as evaluation. 
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Thus, evaluation is the complex system through wliich a teacher 
establishes judgments and makes decisions about his students, 
im program, and his teaching. First, then, must come the exam- 
ination of an effective evaluation program and a consideration of 
the characteristics wliich are inliercnt in such a program. Once 
such a statement is made, the techniques by which a teacher 
carries out such an evaluation program in elementary science 
can be established. 

CHARACTERISTICS 
OF EFFECTIVE EVALUATION 


An evaluation program begins with a statement of objectives. 
Right from the first plaiming of a imit and even before a single 
child has come into tlie classroom, the evaluation program begins. 
At the core of such a program is tlie clear definition of the goals 
to be attained. So, first, teachers must be clear about what their 
goals actually are. One of the common goals for teaching science 
has been stated as: 

To develop the ability of the children to use the scientific 
method. 

But just what is tho “scientific method?" As has heeo pointed out, 
there are as many scientific methods as there are scientists. \Vhat 
this goal really is striving for is the development of rational at- 
titu es toward the world. Clear objectives would delineate the 
pi^joses to be achieved and would define these purposes in 
sufficient detail so that everyone could understand them. Here 
are possible examples of such objectives: 

t. To help children develop rational attitudes toward the 
world around them: 

A. To be able to identify superstitions 
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B. To be able to identify non sequiturs 

C. To be able to identify scnures of infonnation and con* 
sider their dependabili^ 

II. To help children learn the tcchn^ues of problem solving: 

A. To be able to state a variety of hypotheses 

B. To set up plans for testing these hypotheses 

C. To draw valid candusioos from these tests 

A clear, detailed, honest, and, above all, realistic statement of 
goals is the first essential for evaluating an elementary school 
science program. 

But such clear statements of goals are ]ust the beginning. Actually, 
the big step comes in the way the goals are expressed. How they 
are stated can make or break the evaJuadoa program and, for 
tlut matter, the entire program. Since learning is a modification 
of human behavior, what is needed is a statement of goals in 
terms of the way a student will behave after be bas completed 
the science work being tau^t Take a very simple example. One 
reason for teaching science is to improve the hygiene habits of 
children, This reason is perfectly valid and is one that has led 
to an important part of the elementary science program over the 
past fifty years. 

The objective of bcaltb and hygiene lias often been stated this 
way; 

In order to hVe an effective and healthy life, every person 
should know the basic principles of scieoco which underlie 
good health and good sanitation practices. 

This is certainly a true statement* It is also a lovely-~and useless- 
platitude from the point of view of Uie classroom teacher. Surely 
the teacher knows tliat a thorough understanding of basic bio- 
logical principles is useful, perhaps even essential, for healthful 
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living. But how can he defennuie how effectively his students 
are using tlie information which is being taught to them in this 
important area of health and biology? The answer is that with 
sucli a statement of objecbVes, he cannot. Witli that kind of 
general and vague objecUve, evaluation becomes extremely dif- 
ficult, if not impossible. In the end, tlie student Just works for a 
satisfactory grade on an examination and gives only L'p service 
to tlie attainment of the goai 


However, since education is the process of changing human 
behavior, and since objectives and goals need to be expressed 
in terms of pupil behaviors, teachers must find ways of stating 
such goals so that they can indicate these changed behavior 
p^tems. Take the same example, science education and health. 
^Vhat kinds of health practices can nine-year-olds be expected to 
I^? What changes in behavior can be expected of these chil- 
dren as they undergo the experience of a well-phnned unit on 
science and health? Being honest about this, one recognizes that 
many of the child’s health practices are determined for him by 
the adidts who influence his life. But there are areas where nine- 
year^lds can have control over their health actions. There are 
c terns in health habits which they themselves can come 
o understand and which, cousequendy, they can change as 
Uiey achieve these new learnings. They can, for erample, leam 
to get r^onably clean before they eat. They can learn to report 
cuts and Wes and have them cared for. They can learn to 
use a handkerchief and to cover coughs and sneeaes. These are 
should do. Such practices 
by ae children, then, reflect the attainment of some of the goals 
of the science and health program. And. these kinds of goals can 
be evaluated. Does the child wash, or doesn’t he? Does he cover 
i™ J If To c “"8^’ ” ‘>°“n’t he? In other 

liort'r,? d ^ hnportant part of the evalna- 

on procedure. The first criterion, then, for the establishment of 
^ evaluahon program is the clear and realistic statement of oh- 
jectives m tenns of desired pupil behaviors. 
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Evaluation is more than just testing, even though the test is the 
most common evaluating technique rised. “How do I evaluate the 
children? It’s easy. I give them a test on the material that I have 
been teaching. Tlien, tlie test mailc combined with their home 
work marks gives me the grade for their report cards." Certainly 
this is a familiar teacher. Everyone has met lum. He carehrlly 
cljedcs tlm homework and the tests. He records the grades ac« 
curately. But he uses the terms “measurement" and “evaluation" 
synonymously even tliougli tJie two concepts are completely dif* 
ferent. This is not surprising. Many are tlie teachers who feel 
that they are evaluating when they give written tests and record 
the results on report cards. 

Testing— for factual infonnah'on, for concept recognjb'on, for 
many other tiungs-is an important part of the evaluation pro- 
gram. From weU'COQstnicted tests a teacher can obtain much 
valuable data about tlie factual information children have ab- 
sorbed. But using test marks as the sole criterion for evaluating 
children’s progress toward the goals of an educational program 
is like judging the health of a cliild solely on the basis of Ids 
height, or his weiglit, or his shoe size. The inadequacy of such 
an action stands out markedly as soon as one considers that tests 
and test marks do not measure the varied activities of a classroom 
program and neither indicates the strengths and weaknesses 
of the individual pupils engaged in these activities. 

In a science program, many meth(^ of gathering information 
and evidence of pupils’ progress arc available and often tliese 
are methods much more appropriate than tests to the evaluation 
of pliases of progress. A written test can hardly be effective 
for judging how well a student can use a microscope. Nor can 
a short answer test show his ability to state a problem. Then 
there are the student’s attitudes toward his work, Iiis willingness 
to improve, his concern for accuracy, and tlie finished pieces of 
work that he produces. All of these items show aspects of the 
student’s behavior in the learning situation. 
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Every unit in science will req^uire tlie use of a variety of methods 
for judging the pupils competencies. In a unit on microbes, for 
example, the students should be evaluated on the facts they have 
learned, on the effectiveness with which tliey use microscopes, 
on the ways in which they can see and state problems, on the 
kinds of generalizations they can build about a topic like “Mi- 
crobes and Health.” And the appraisal of the growth of any one 
of them will be based not only on the test results, important as 
these are, but also on the more extensive data gained as the 
teacher watches and evaluates the individual children in the 
variety of classroom situations. 

Evaluation must be continuous. Since teaching starts with a 
phffosophy of education, such a philosophy determines the 
point of view, the nature, the direction of all that is taught. But 
teaching, once the pliilosophy of education has been determined, 
is a whole, unified process. Goals cannot be separated from 
methods. Materials are interwoven with objectives. And the 
evaluation of the program is also an essential component of this 
teaching. Evaluating and appraising the program and the chil- 
drens progress is integraUy related to all of the other parts of the 
teacher’s work. 

T^s concept of continuous evaluation has sometimes been lost, 
en evaluation is separated from the total teacliing program, 
en appraising becomes merely the categorizing of students, 
teac er who sees evaluation as simply giving marks concludes 
a umt with a test. Then it is easy for him to grade the children 
according to their test scores. But in this land of a situation both 
studenU and teachers soon come to look at school learnings 
« iimdles to be overcome and not as accomplishments of in- 
ic wor and significance. This land of appraisal destroys 
many fine opportunities for effective teaching. 

Continuous evaluation and immediate applicaUon of what has 
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been learned can be used in many oUicr ways. For example, it 
can be used to stimulate students to greater growth toward the 
desired goals, or it can help identify areas of weakness in the 
students knowledges, skills, and understandings. With such an 
identification of weaknesses, die teaclmr can take immediate 
measures to correct the difficulties. Continuous evaluation can 
clarify and even modify llie goals and objectives of the unit or 
even of the entire program. Finalfy, this continuous examination 
of and reflection upon what has been done in teaching can help 
a teacher deteitninc the eHecUvencss of his work and allow him 
to modify his methods to suit the needs of his group. 

Using tills land of evaluation in a weather unit can show a teacher 
if he has set appropriate goals for his class. Can these cliildren 
understand a concept like “weather front" or do lliey need more 
work with simpler ideas? Are tliese children ready to go on to 
a study of hygrometers and relative humidity, or must tlicy 
spend some more time on tlie function of Uie barometer and the 
meaning of its readings? Would it be better for Uie fast group 
to move along to some extra work on wcatiicr prediction? Thb 
day-by-day examination of wliat has been taught and what has 
been learned and the consequent modification of procedures in 
the light of this appraisal is what continuous evaluation means. 
Just as learning is a continuous modification of behavior, so 
evaluation, to be eilecUve, mu$t be a continuous examination of 
children’s growth, Uic program’s objectives and goals, tlic mctli- 
ods which have been employed, Urc materials ivhicb have been 
presented, and tlio teachers own effectiveness. With tJiis kind 
of appraisal, teachers can take appropriate actions quickly and 
in whatever directions are neccssasy. 

Evaluation includes self'Cvaluation. Learning, as Uus book has 
continuously pointed out, is a dynamic process. Learners must bo 
actively engaged in tlie business of learning. They are not passive 
pitchers into which a teacher pours knowledge. This fact has 
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important implications for the evaluation program. Since eval- 
uation begins with setting goals, and since self-evaluab'on is an 
important part of the evaluation process, then students should 
have opportunities to participate in the evaluation program from 
tlie time it is started. This means that students must be aware 
of the major goals and must have a part in setting up the sub- 
goals both for the class as a whole and for himself. 

\Vliat does this mean in a class? Certainly, the teacher sets the 
over-all goals for the program. As has been pointed out, he does 
this even before he has met liis children. But once he has set 
tliese goals, he can approach his class in a number of ways. One 
teacher may come into class and say: “\Ve are going to leam 
about the scientific attitude. Here are the things on which I will 
mark you. First, do you witlihold judgment until you have suf- 
ficient evidence for judging? Second, do you think out problems 
In terms of what you have previously learned? Third, do you plan 
out several possible hypotheses?" And the teacher could go on 
listing the goals and setting all the standards and objectives. 
Students generally react to this kind of teaching with a feeling 
that the program is being imposed upon them. Tliey are much 
less likely to accept tire purposes of tire teacher as their own and 
their consequent learnings are limited. 

But there is anotlrer, much more effective way, of setting up the 
program. Tlie teacher who comes into class and makes a lesson 
out of the establishment of goals is teaching in such a way as to 
develop scientific attitudes in his students. He may approach the 
same problem this way. “One of the things which we are going 
to work on is developing a scientific attitude towards problems. 
Now, let’s see if we know what that means." Working witli lire 
class as a whole, the teacher lias the students set up a series of 
criteria and a set of sub-goals which axe the basis for tliis scientific 
attitude. For example, the list may include some of the following 
ideas: 
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1. To have the students ;Wlbhold judgment until they have 
gathered sufficient evidence to support Uieir positions. 

2. To have the students think out wliat tlicy know from their 
previous studies about the topic under consideration. 

3. To leam to develop several hypotheses which can explain 
what is being studied. 

4. To uso reference materials so as to find valid and reliable 
evidence to support a thesis. 

From tliese goals, wliicli the children Utemselves luve helped to 
establislr and whicli are thus of mud) greater significance to tliem, 
tlie class can develop a dieck list for rating themselves witli re- 
spect to the specific objectives. For each of the sub-goals there 
can be ono or tvvo questions. Tltere might be questions like: 

1. Have I thought out what I know from my previous studies 
about the topic we are studying? 

2. Have I thought out several possible hypotheses which can 
eq)lain what we are studying? 

3. What are these hypotheses? 

4. Have I looked up references on this topic so that i know 
what other people have discovered about this problem? 

5. What references have I used? 

Using such a check list Is really a continuation of that phase of 
tlj© science curriculum whidi started with the teacher and the 
students considering the goals of the unit. With such a check 
list, each student can rate himself periodically in his progress 
toward the goals. And, with the hefp of the teacher, he can 
decide what areas need strengthening or what furtJier attain- 
ments he should seek. \Vhen the student completes Iiis formal 
education, he will continually have to judge for himself how 
well he is doing. The earlier he is involved in self-evaluation, tlie 
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better he leams to judge liimself both in and out of school 
situations. 


VALIDITY AND RELIABILITY 
OF EVALUATION TECHNIQUES 

Tliere are many methods used for appraising and measuring 
acliievement in science. There are all kinds of tests, all kinds of 
projects, all kinds of "marking devices. And this is as it should 
be. But teachers need to be clear about what such methods can 
do and what they cannot do. Two key ideas need to be con- 
sidered in each device which is used for collecting evidence. 
Each device, to be truly useful, must be valid, and each device 
must be reliable. Thorough rmderstanding of each of tliese ideas 
is basic to sound evaluation generally and consequently to sound 
evaluation of a science program. 

A procedure is valid to tire extent tlrat it measures what it 
purports to measure. Suppose lliat an important objective of a 
sixth grade unit is to develop tlie children’s eating liabits to the 
point where they can clioose a balanced diet and do eat the 
proper kinds and amounts of foods. The teacher gives a test on 
which he lists some foods which the cliildren have already eaten 
for the day and then asks them to select from a second list those 
foods wliich would balance their diets for tliat day. The cliildren 
take the test and give the correct answers. Fine. But what does 
this prove? It certainly does not show that the children had eaten, 
or would eat, tlie necessary foods. No, it only shows that they 
can pick out tlie necessary items. Such a test would supply only 
partial data about tlie students’ progress. Information about what 
they do eat would need to come from otlier sources— from 
observation of tliem in the cafeteria, from diaries wliich they 
might keep, from parent conferences. A test, then, is only valid 
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when it shows how well and to what extent students meet the 
established objective. 

But there are even more serious problems to b© considered in 
relation to the concept of vah'dity. Suppose tliat one obj'ecUve 
of a unit on electricity is to have the children develop the ability 
to understand tlie interrelatlonsliips of tlie various parts of an 
electric motor and, from this understanding, build a simple 
motor. Tliea tlie children are given a test which asks them to 
identify the various parts of the motor: the annature, the brushes, 
the field, the commutator, otiier major parts. Even if they suc- 
cessfully identify all the parts, the teacher does not know if he 
has reached liis objective. Such a test can give a completely in- 
accurate picture of student perfonnance. AccurateJylmowiag the 
parts of a motor tells nothing about an understanding of the 
working relations of tliese parts. And it certainly tells notliing 
about ivhetlier Uic student can use his knowledge to construct 
a simple motor. A valid test of the objective would be one which 
both required tlie student to explain the mteiielationslups of the 
parts of the electric motor and also required him to build a 
simple working motor. 

There are other factors which detract from the validity of an 
evaluation device. For example, a test that is constructed to 
measure knowledge of some specific subject area is an important 
kind of test and must be used in tlie evaluation of the science 
program. But if such a lest is worded so that it depends on ad- 
vanced reading ability or superior vocabulary comprehension, 
then it cannot be used as a valid measure of knowledge of the 
subject. Obviously, results from this land of an examinaUon will 
not supply accurate informalion regarding pupil achievement in 
science subject matter. Tlien too there are situations in which 
items are placed on a test whidi have so little relationship to the 
stated objectives that they are almost of no use in tlie evaluation 
process. Suppose a unit indudes as one objective an understand- 
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ing of the contributions of certain scientists to areas of science. 
Test questions which ask about date of birth of the scientist or 
about other personal aspects of his life will give little indication 
of how well the students understand the contributions of this 
man to science knowledge. For an evaluation technique to be 
valid, it must provide accurate evidence of progress toward a 
specific educational objective. 

M for the second condition, it should be noted that a procedure 
is reliable to the extent that it measures accurately whatever it 
does measure. In order to achieve such accuracy, it is necessary 
to use devices that include adequate samplings of a students 
knowledge and skills. Again an example can clarify the situation. 
If a teacher ^vants to know about how well his students under- 
stand the classifications of foods into proteins, carbohydrates, 
and fats, he cannot simply ask them to match these three words 
with the words “meat, butter, and bread.” From such a quesUon, 
the teacher would have a far loo small sample of what any 
studMt knew or did not know. Even if a student got all of this 
matching quesUon wrong, the teacher would not be justified in 
saying that he did not know carbohydrates from fats and either 
o ose from proteins. And certainly just because a student 
answered the question correctiy, the teacher could not fairly 
ass^e that such a youngster knew anything about the foods 
Md classifications. This kind of question would provide an 
i^uffiaent sample from which to generalize about the knowledge 
of any student. 


\V^t can^e teacher do? One simple ivay to solve the problem 
about fifty foods of the three types and then have the 
^ ^ r ™ according to whether they are proteins, 
ydrato, or fats. Of course, the teacher would have to 
make ce^ that he used common lands of foods for his list 

^ used were not too 

difficult for the students to read. But by exercising ordinary pre- 
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cautions a test item could be devised which would have con- 
slderahly higlier rei'ahijity than t/je question of matching meat 
with protein, butter witli fat, and bread with carbohydrate. 


OBSERVATION 
USED FOR EVALUATING 

Now come the specific techniques of appraising student work. 
One of the most useful techniques for evaluating the attainment 
of many objectives of Uie science ciuTicuIum is teacher observa- 
tion of pupil behavior. In Chapter 111, a unit on “Microbes and 
Man" was discussed. Two of the major objectives were stated as 
follows: 

To help the children leom simple labmtoiy techniques svith 
wlilch they can grow and prepare miao-organisms for obser- 
vation and study. 

To help the children leam to use a microscope and a micro- 
projector. 

These kinds of objectives can be evaluated most adequately only 
by observing students’ behavior in certain laboratory situations. 
But observation cannot be random and casual. In tlie first place, 
the teacher must know what be is looking for. Take the matter 
of abih'ty to use a microscope. Tliere are certain accepted pro- 
cedures for the optimum use of this instrument. Here are a few 
examples: 

t. Handle the instrument with great care. Clean the lenses 
only with ^ens tissue” or with a soft, dean doth. 

2. Never focus the microscope down\vard toward the slide. 

Always move the objective downward while the eye is away 
from the eyepiece and then focus the microscope upward with 
the eye looking through the microscope. 
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3. Anange the mirror for optimum anmiiiit of light- Too mudi 
li^t is quite as unsatisfactory as too little light. 

4. Prepare materials for observation, using the techniques 
most appropriate to the things bmng examined; comparatively 
large materials (minute ciustacia, for example) require either 
depression slides or bridge arrangements so that they are not 
crushed; smaller items can simply be covered with a cover sh’p. 

Having detennined the desired beliaviors, diO teacher must pre- 
pare a check list or a rating scale based upon these desired 
actions. Such a list might include: 

Always Sometimes Never 
Is caieSul in handling microscope. 

Cleans lenses properly. 

Focuses instrument properly. 

Prepares slides correctly. 

Arranges mirror for correct 
amoimt of light. 

By using such a check list, the teacher can determine the pupil’s 
skill in using a microscope. 

In the same way, to check on whether the children have learned 
tlie simple laboratory techniques with which they can grow and 
prepare micro-organisms, direct observation of the students’ be- 
havior in this situation will provide the teacher with more ac- 
curate evidence for evaluation than will responses by the children 
to written questions. Obviously answers to written questions can 
gi\’e some evidence and should be used too. But what is wanted 
from the children is not so much the ability to verbalize about 
wliat they should do, as actions which show that they con- 
duct themselves in the desired manner. 
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An analysis of many areas of the curriculum reveals objectives 
which depend mainly uptai observation for their evaluation. For 
example, there are things like assuming responsibility, sharing 
and communicating witli others, practicing proper healUi habits 
(covering nose and mouth witli a handkerchief when sneezing), 
developing sound attitudes toward learning, or participating in 
classroom activities. And all of tliese areas have signiScance for 
the science curriculum. While these areas involve other goals, tliey 
pertain to and are all certainly interwoven witli the over-all 
Goalll: 

The elementary science program must help the individual 
understand the methods, techniques, and attitudes of science 
so that ho may develop a more rational approach to the 
solution of his current and future problems. 

Attaining this goal is an essential part of the science program. 
Observation is die most effective way by which to determine how 
well it is being achieved. 

To sum up, then, observation as an evaluation technique can be 
effective if the teaclier has a clear undentanding of the behavior 
to be assessed. Furtlicnnore, it is incumbent upon the teacher to 
provide equal opportunities for all Uie students to respond in 
the desired manner. Tliis requires a conscious effort on tlie part 
of the teacher. Every cliild must liave his chance. Finally, a 
written record of such observations is not only desirable, it is 
imperative. How these records are made out— whether they be in 
anecdotal form, in rating scales, or on check sheets— is not too 
important Any of these lonns can serve the teachers purposes. 
What is essential, however, is tliat die teacher have a written 
appraisal of what each child actually has shown himself able 
to perform in certain areas of behavior according to a set of 
criteria. 


235 



XI: Evaluating children's growth 


APPRAISING 
CHILDREN’S PROJEaS 

Another very si^ificant way of finding out how well children 
are meeting the objectives of the science program is the teacher's 
examination of the material which the cliildren produce. After 
all, what a child does and wliat he produces can tell much about 
the way he meets the objectives of the program. For example, 
w'e know that third and fourth graders are collectors. But collec- 
tions have little worth from a science point of view unless they 
are organized. One aspect of a scientific attitude is shown by the 
way in which a person seeks out a theme for his ideas, by the 
way he organizes his facts and information in a planned classi- 
fication. A teacher of the third or fourth grade will want the 
children to begin to develop the ability to conceive of such themes 
and such frameworks, and to organize their collections and cate- 
gorize them in the light of these themes. Thus, the teacher ex- 
amines a collection of rocks and looks to see how the rocks are 
grouped. Are they organized according to the place where the 
rocks are found? Are they grouped as igneous, sedimentary, and 
metamorphlc? Are tliey exhibited to show certain interesting 
phenomena such as weathering, water erosion, or ice scratches? 
Or are tliey just a hodge-podge of pretty stones? Neatness, 
beauty, novelty are all important, but not for science. What is 
being evaluated as far as science is concerned is the ability to 
organize and classify materials in a sensible and reasoned way. 

Then there are the experiments which children design and the 
models which they construct to illustrate applications of scientific 
principles. An analysis of such materials can reveal much more 
clearly the extent of a student’s attainment of the goal of ex- 
panded understandings of science than can any paper and pencil 
test A careful study of such materials is one important way of 
determining growth toward extended vision and richer insight 
into the meanings of science and the applications of these mean- 
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/ngs to appropriate situation. But such a careful study requires 
tliat the teacher be sure about the goals he is trying to reacli. 
If tills evaluation procedure is to liavc validity, Uien tlie teacher 
must appraise a project on tlie basis of the processes used by the 
student in rcadiing lus conclusion. Extended vision of one’s en- 
vironment, insiglit into the scientific concepts derived from facts, 
understanding of how such concepts may bo applied to specific 
problems cannot be measured by tlie quaUty of the art work 
involved in lettering the parts of an exliibit. Rather^ it is measured 
by the clarity of tliinklng tliat is shown tluougli the resultant 
project It is measured by the extent to which the exhibit explains 
a science principle Uirougli dear and simple examples. 

Sdcnco reports too need tills same kind of evaluation. It is not a 
matter of how many pictures are included in a report. lUtlicr, it 
is tlie appropriateness of tlio pictures as illustrative of the points 
being made. It Is not tlie length of the report Ratlier, it is tlie 
thoughtful organization and dear explanation of the material be* 
ing presented. And, as far as writing goes, a teacher may very 
well refuse to accept a report from a child because it is not up 
to Uie level of neatness or standards of language skill whidi he is 
capable of producing. Misspelled words and poor grammar are 
not acceptable In science reports any more than tliey are in Eng- 
lish reports. But returning such a report for rewriting should have 
no bearing on the science evaluation. In evaluating a science re- 
port, the teacher appraises its worth as science— its accuracy of 
informatioD, its appropriate explanations, its resultant generali- 
zations, Its organization. Science reports must be judged in the 
light of science objectives. 

The teacher must be certain that the objectives upon which the 
work will be built and upon which it should eventually be ap- 
praised are stated in such forms as to indicate the type of resultant 
bdiavior desired. If the objective of a weather unit is to have 
the children understand the water cycle, then the exhibit or pro]- 
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ect which shows, simply and clearly, how water evaporates and 
then condenses is much more truly an example of sound science 
tliinking than is an elaborate poster of the various kinds of clouds, 
beautiful as tlie art work may be. And a simple home-built model 
of the workings of a gasolinR engine, a model made from card- 
board, and paper fasteners, and crayons, is a much more accept- 
able project than is a plastic, cross-sectional, commercial model 
of a complex Diesel engine, even thougli the Diesel engine is put 
together with great care. What is wanted is a demonstration of 
how tlie children are thinking, of how well tliey understand the 
scientific principles wliich they are studying. The home built 
model shows this. Hie purchased, plastic model does not. Only as 
the teacher knows clearly the kind of behavior he eventually 
expects from his students, and as he helps liis students carry out 
projects which lead to tliis kind of behavior, can he develop an 
adequate basis for evaluating the work which his students 
produce. 

ESSAY TESTS 

Evaluation is not a new aspect of education by any means. 
Examinations have been a traditional part of tlie school ever 
since tliere have been schoob. Tlie “old-fashioned” examination 
consbted of a series of essay or dbcussion questions. In recent 
years such questions have come under considerable attack. It has 
been pointed out that many questions of this kind have low re- 
liability and very limited validity and are thus of doubtful worth 
as evaluation devices. This is true. Essay examinations, as they 
have been commonly used, often suffer from a narrow and in- 
adeq;w.te sampling, £sotn storing, and from the 

influence of such extraneous and irrelevant factors as literary 
skill and handwriting. In addition to these difficulties, there is 
the problem of the teachers time. Very often tlie time and en- 
ergy expended by teachers in reading and marking papers is so 
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great as to constitute a serious limitation on the worth of such 
tests. 

Yet tljere are certain advantages to be gained from essay ques- 
tions that cannot be achieved by any oUier fona of evaluation. 
They are especially useful in detennining how well a student 
organizes and presents his thoughts. What is more, such tests can 
show the ability of the student in analyzing a problem and bringing 
to bear on it relevant information. Furtlier, such test questions can 
show Uie procedures used by a student in arriving at a conclu- 
sion. Finally, since no answer which a student gives needs to be 
completely right or completely wrong, it is possible for a teacher 
to determine tlie degree of accuracy of the response to a ques- 
tion. ^V]lat is needed, then, is a better land of essay question. 
Fssay questions can he unproved so as to include their very 
marked advantages wliile, at the same time, tlieir disadvantages 
are minimized. Tlio following suggestion for constructing and 
scoring essay questions will prove valuable. 

First, tlie teacher should select questions tliat are aimed at 
signiheant types of understandings. If he gives a question like 
“What is tlje composition of iJje air?” then any answer wliicli 
he receives, right or wong, is merely a test of memory. Even if 
answered correctly, sucli a question indicates notliing about 
how well the student understands concepts about air. But take 
a question like '*What e0ecl do large industries have on the air 
we breathe?” With such a question the student would need to 
show knowledge about applications of science principles in 
order to answer it adequately. Of course, he would also have to 
recall materials that he had learned. But the important thing is 
that he would have to show ability to use his knowledge for 
solving the problem posed by the question. 

There are otlaer types of essay quesUons tlaat can indicate 
s ig nificant ^es of tmderstandings on the part of students. 
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Tlicrc miglit be questions whidi require the students to make 
comparisons of one situation witli anotlier. A question like "How 
does the air in a place near tlic seashore compare witli the air 
at the top of a high mountain?" Or tlicrc might be questions 
dealing witli cause and effect relationships. Such a question 
might bo “Many big cities such as Pittsburgli had very dirty 
air up until a few years ago. Now tlie air has become quite 
clean. \Vliat caused the air to be dirty and how has it been 
cleaned?" Furtliermore, children can be asked to analyze the 
components of problems. They can be asked to criticize tlieories 
and procedures of scientific significance. Tlicy can be asked to 
evaluate scientific activities in terms of their scientific worth 
and in terms of their social worth. And tlicy can be asked to 
illustrate applications of scientific principles. In each of these 
kinds of essay questions the child has a problem to solve which 
first requires that he have the necessary information, and then 
allows him scope in which to show how well be can apply thia 
information in solving the problem. 

Second, questions must be worded carefully so that the answers 
which children give will be limited to the specific objectives 
which are being measured. Too often essay questions are so 
vague and ill-defined that they force pupils to guess what it is 
the teacher desires. If a student happens to guess \vroag through 
no fault of his own, if he interprets a question one way while 
the teacher wants a different interpretation, then how 
such an answer be scored? It is impossible to score an answer 
reliably under such circumstances. A quesUon like "What effect 
wiU atomic energy have on the world?” is much too broad and 
such a question can be interpreted in far too many ways. Such 
a question needs to be changed and improved so that it elicits 
a response which can be used to measure specific objectives. 
What is more, such a question has to be worded so that the 
students are clear about the science content to be used in 
answering the question. Without such clear definition of the 
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content to be covered, tlie answers given by various cbildren 
will have no relationships to eadi other and the answers cannot 
then be used to guide the drildren in further learnings. A mucli 
more valid appraisal can take place if the question is phrased 
this way: ‘'Plans are now being made for the peacetime use of 
atomic energy. Give two examples of how atomic energy could 
be used in industry. Give two examples of how atomic energy 
could be used in agriculture." This kind of question requires an 
answer which is specifically related to a particular objective. 
There is no uncertainty about what is wanted and no doubt 
about tlie content to be discussed. \Vlicn a duld answers this 
kind of question, what he answers shows what he knows about 
the topic. 

Third, the teacher should prepare a scoiing guide in advance. 
By using such a guide os he evaluates the essays, he con have 
a uniform way of assessing tho ans>vcrs wliich the cliildrcn have 
written. One of the chief disadvantages of essay questions has 
been the inconsistency and unreliability of the scoring methods. 
Two teachers, given tlie same essay to grade, may come up 
witli extremely divergent grades. Furthermore, a leadier who 
grades on essay on one day and then grades the same essay 
again a week or two later can often decide on very contradictory 
scores. To avoid this kind of a situation, if die teadicr carefully 
plans Ids questions so Uiat ho knows what specific kinds of 
information he wants in Uio answers, then he is more likely to 
be able to grade the papers reliably. If important ideas are to 
be included in the answers, these ideas should bo given specific 
values when Uio scoring guide is made up. Then, when die 
paper is marked, sudi an Idea has die same value for ever>'one. 
flcffabilily of the test question under sudi cond'Cibns is maskedly 
improved. • 

Fourth, every objective that is to be measured by an essay 
should be Judged separately. Giving one single numerical grade 
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for an entire essay witliout some explanation of how the grade 
was arrived at has little meaning for a student. Grading such 
diverse tilings as correct factual information, organization, clar- 
ity, and analysis of a problem within the same mark that includes 
spelling, grammar, and punctuation does not allow the pupil an 
opportunity to find out in which areas his weaknesses lie so that 
he can strengthen them. Each value that a teacher gives to an 
essay needs an explanation. The student should know where his 
grammar and spelling were deficient. And he also needs to know 
how well he has dealt with the science content which tlie ques- 
tion requires. Without such critical analysis, writing tlie essay 
has no value in the process of continuous evaluation. 


OBJECTIVE 

TESTS 


As concern over tlie limitations of the essay test developed, 
teacliers turned to tlie short-answer or objective forms of tests. 
Today, these short-answer tests are the ones most frequently 
used in schools. The tests were first introduced to overcome 
some of the major disadvantages of essay questions as they have 
been commonly used. For example, essay tests do not allow for 
an adequate sampling of what Uie pupils have learned since 
only a few questions can be included in an examination. An 
objeedve test, on the other hand, can include many items. Since 
each item is short (short to write, and requiring brief and con- 
cise answers) a great many of tliem can be considered in a 
c ass period. Furthermore, this land of question can be scored 
quickly and objecUvely. In vie%v of tlie numbers of pupils who 
are assigned to a teacher, this can be a real advantage. Scoring 
a set of objective tests can be done in minutes. A set of essay 
tests from die same class often takes hours. And, in die case 
of objective tests, die students themselves can be involved in 
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scoring the papers. Tliis gives the children opportunities for 
identifying their own weaknesses^ an important teaching tecli- 
nique. In short, tliere are real advantages to objective tests when 
they are used properly. 

However, tliere is one major limitation in objective tests. Often 
objective tests tend to measure bits of superficial and random 
information ratlier tlian broad understandings and more com* 
plex abilities. But this limitation, when examined carefully, 
seems to be more the fault of the teacher who wTites tlie test 
questions than to be inlierent in the nature of the tests them' 
selves. Constructing objective tests is much more tlian simply 
writing down a few statements and leaving out a few words 
for the students to supply. These items can be so easily con* 
structed on a superficial level that teachers sometimes fail to 
realize the full possibUities of the tests. The qucsbons do not 
need to be shallow. Tlicy can be constructed so that tliey will 
test tile more complex processes of understanding, reasoning, and 
judgment 

The two major types of objective lest items are usually referred 
to as “recall" items and “recognition" items. In a recall test, 
tile student is required to provide information, usually in the 
form of a word or a phrase. A recognition test item, on the 
otlier hand, requires that tlie student select his response from 
alternatives which are provided for him. Tliere are advantages 
and disadvantages to each of tlicsc types of question. 

Generally speaking, tliere arc two kinds of recall items. Tlie 
simple ones ask direct questions or give specific directions. To 
these questions or directions, the cfiifdren respond with a word, 
or a pluase, or a sentence, for example: 

t. Wiat is tlie source of energy ui a fiadiliglit?. - 
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2. What is the atmospheric pressure at sea level in pounds 

per square inch? 

3. Here is a picture of a simple electric motor. Label the 
parts whidi are numbered. 

The second land of recall item is the completion item. Com* 
pletion items require the student to fill in an important word 
or phrase that has been omitted from a sentence. Examples of 
such items look like this: 

1 . A barometer is an insmunent for measuring the. 

of the air. 

2. The hvo most common gases in the air are. 


Recall tests have certain real advantages. Such items can identify 
exactly what a pupil knows and what he has not learned in the 
areas that ate considered by the test. After studying the results 
of such a test, both the teacher and the pupil can know where 
things stand-what the puptt has learned, and what he stffl 
^t learn. But there is one major disadvantage to such a test. 
The scoring cannot always be completely objective. There is 
always the possibility that the pupU will answer with a word 
or a phrase that is different from the one which the teacher 
ejected. These answers may be quite as true as those whicli 
the teacher wanted. Take the statement; 

The two most common gases in the air are 


If a child were to answer "invisible" and "important." he certainly 
would have a correct answer. But how should a teacher mark 
such an answer since what he wanted was simply "oxygen” 
imd mtrogen?” Truly, this kind of item cannot be used 
inoiscnnimately. 
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Recognition tests also have several forms. The most widely 
used type of recognition item is the alternative response. Com- 
monly, the alternative response is true or false. The student is 
given a statement. He must decide i£ it is true or if it is false 
and mark his answer accordingly. Here are two examples of 
such items: 


True False 

1. It is the oxygen in the air which supports 
comhusHcaj. 

i. An anemometer measures the direction of 

the vrind. 

The obvious advantages of using this type of test are the relative 
ease with which such items can be constructed and the objec' 
Uvity with whicli such a test can be scored. But such tests 
have serious limitations and these disadvantages very much 
outweigh the merits. In the first place, these true-false questions 
encourage guessing. Then too, such questions often are worded 
ambiguously. Or they may have very obvious answers and thus 
test nothing. Finally, they have little value for the student. He 
cannot identiiy his areas of weakness from his answers. And 
teadiers must remember that a tes^ if it is worthy of administer- 
ing, must serve the student in identifying such areas. Because 
of these marked shortcomings, true-false items should be used 
with great caution. It is a good rule to use this kind of item 
only in those situations where the other test lorms are not 
applicable. 

A second kind of recognition item is the multiple-choice item. 
Here, tlie student is given an introductory statement or stem 
and several alternative answers from ivhieh he must choose 
the one tliat is most appropriate. Such items might be worded 
as follows: 
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1. The richest source of vitamin C in the foods listed be- 
low is: 

a) raisins b) grapefruit c) pears d) cherries. 

2. We get the most iron from a normal serving of: 
a) fish b) veal c) liver d) bam. 

3. We get the highest caloric value from one ounce of: 
a) lean beef b) banana c) while bread d) butter. 

The multiple choice item has real merit. It is considered the 
most valuable and most Sexible for testing various lands of 
mental processes. This type of item lends itself to determining 
reasoning ability, to showing understanding of processes, to 
indicating soundness of judgment. Furthermore, the possibility 
of guessing the correct answer is reduced almost to a minimum 
when at least four plausible alternatives are given. But these 
multiple choice Items are more difficult to construct than axe 
other types of test items. The important points to watch are 
first, that the Items measure something more than rote memory, 
and second, that all tlie alternative answers are plausible while 
only one of them is correct 

Finally, there are the matching-item tests. Typically, sucli a 
test consists of two columns of items which are to be associated 
upon some directed basis. There are many possible variations of 
these matching tests, but in its simplest form, the number of re- 
sponses is exactly the same as the number of items. Tliese tests can 
be made more complex in a variety of ways. Sometimes more re- 
sponses are provided than are required. Sometimes three or 
more sets of items are given and the student must match the 
three or four columns with one another to get the required 
ans^ve^s. Generally, however, for elementary school programs, 
only tlie simpler tests need be constructed. Here is an example 
of tills kind of question: 

Directions: In the space next to each word in Column I 
place the letter of the best answer from Column II. 
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Column I 

Column II 

—1. Force 

A. The rale of doing work. 

—2. Energy 

B. A push or pulL 

—3. Power 

C. Capacity lor doing work. 

—4. Speed 

D. Rate of diange of position. 


These matching exercises are particularly well suited for measur- 
ing specific aspects of subject matter areas, They can show 
whether or not a student understands basic terms, whetlier he 
fcnows definitions, whether he can associate events with persons, 
whetlier he can connect science principles with examples of 
them, whetlier he can identify tools and their uses. But the dif- 
ficulties are there too. Such tests often measure only rote memory 
and tile science program must be much more than a memory 
program. And tliese matching questions axe difficult to construct. 
Often they need more time than they are worth. 

Looked at carefully, the use of objective tests takes on a dif- 
ferent perspective. Such tests can be useful. They certainly axe 
easy to correct. And they do give objective measures of certain 
kinds of achievement. But they have Haws too. Good test items 
are difficult to construct. And many items do not measure what 
they are supposed to. In brief then, teachers undoubtedly should 
use objective tests. But they should construct the test items 
with the utmost care and they always should remember tlie 
limitations of such tests. 


TESTS 

OF APPLICATION 

The test of application is another useful device. On the one 
hand, it is a paper and pencil test. But it attempts to measure 
the pupil's comprehension of baste principles tluough giving 
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litm an opportunity to show how these principles are applied 
to the solution of a particular problem. In the unit on electric 
circuits which was developed for the third grade (Chapter IV), 
one of the things which Miss Edwards wanted the children to 
learn was how an electric circuit could be made. In order to 
determine whether this information had been learned, she 
might have had each child wire a simple circuit. She could 
give each child a dry cell, a few pieces of wire, a bulb and 
socket, a switch, and any other items that he might need, and 
then have him get the bulb to light But such a procedure would 
take a considerable amount of time. There is, however, another 
way to evaluate this sort of skilL A test like the following might 
be given. 

Here are pictures of the things we need to make a bulb 
light Using all the things that are drawn, show how you 
would connect the wires so that the bulb will light 




Wires 

From this test the teaclier would not find out how well the 
children could use pliers or screw drivers; but it would show 
which of tire children had a geoecally accurate idea of how a 
switch fits into a circuit and of how a completed circuit would 
look. This kind of test while not as comprehensive as an actual 
performance test is nevertheless a useful substitute, which will 
accomplish nearly the same result 



248 




XI: Evaluating children’s grxnvth 

STANDARDIZED TESTS 
IN ELEMENTARY SCIENCE 


As the science curriculum expands in the eJemcntary school, 
new standardized tests will become available to supplement the 
teadier-made tests. These tests serve the teaclier as a further 
means of measuring the attainment of objectives. Tlicre aro 
several advantages which can bo gained from tlie use of sucli 
tests. In the first place, because they aro carefully prepared by 
experts in the field of testing, they generally have a liigh rclia> 
bility. Furthermore, such tests usually include norms wlrich 
indicate the range of scores of students of each grade. These 
norms make it possible for a teacher to determine how tlie 
development of his students compares witli that of students in 
Other schools. SomeUmes standardized tests can also bo useful 
in diagnosing Individual progress within the class by identify* 
ing areas of strength and weakness. Finally, a standardized test 
can bo used at the beginning of a school year to determine tho 
achievement level of tho class. With tho information furnished 
by such a test; a teacher is better able to judgo u-hat content 
should bo developed for bis class and where he should place 
Ids emphasis. 

Over tlio post several decades, attempts bavo been made to 
build standardized tests for all schools programs la various areas 
of the curriculum. Thus, for the elementary school there arc 
reading tests, arithmetic tests, social studies tests, and many 
otlicrs. But, except os (heso tests have been devised to mcosuro 
skills (tho ability to read for speech tl>o ability to comprehend 
wliat has been read, the ability to perform fundamental operations 
ih ariUunctic/, sucti standardized' tests can measure otuy" Uhr 
amount of io/ormatioa an individual has acquired. Tl>crcfore. 
standardized scicnco tests are supposed to measure tlie amount of 
sctcnco Information which the cliildrcn luve leaiucd. But this if 
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difficult to do on a nationwide basis since there is no general 
agreement with regard to the content of the elementary science 
curriculum. In the present circumstances of limited agreement 
on curricular organization and content, every standardized science 
test suffers from a laclc of validity. These tests should not be 
used unless the items in them coincide with the instructional 
objectives. Thus, standardized tests in elementary science have 
questionable worth and, even as the elementary science program 
develops more uniformity around the nation, they should still 
be used with the necessary reservations. 


Summary 

The most important thing to remember about all evaluation is that 
it must be used widely and fully. The many kinds of evaluation- 
observation of student behavior, appraisal of student projects, and'' 
the variety of paper and pend! tests— yield a wide range of information. 
But unless sufficient use is made of the results of such observations, 
appraisals, and measurements, they become a waste of time both 
for teachers and for students. Sudj evaluative techniques have three 
basic uses. In the Erst plac^ they can provide the teacher with the 
means for assessing the growth of individual students. Secondly, 
such devices can help each student know his sUengths and weak- 
nesses. This phase of evaluation is most important and has been 
most neglected. Finally, through the use of these devices and tech- 
niques, a teacher can learn how well be is meeting his objectives. 

Clearly, there is no simple, single device for evaluating children's 
growth in science. All kinds of instruments are needed in order to 
app^e sa&factorily the work of students. Here are several sug- 
g^tions which will be of help in determining an effective program 
of evaluation through observation; 

1. Bo quite sure of what you are locddhg for. Your observa- 
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tions must be directly related to the objectives of your 
program. 

2. Establish criteria for evaluatiog the observed work of 
the children before you try to judge them. 

3. Record your observation of what the child does, as well 
as your appraisal of what be has done. 

4. Keep your observational records in writing just as you 
would any other kiitd of evaluation. Co not tntst such 
observations to memory because you will forget what you 
have seen. 

But written tests are much more commonly used and much more 
\videly accepted measures of aduevement in schools. So here are 
several suggestions for making sudi written tests more effective. 

t. Every evaluative instrument must be directly related to 
the objectives and sub-objectives which it is going to measure. 

2. Individual parts of the test must correspond to the sub- 
objectives which they ore going to measure. And there must 
be an adequate sampling of questions and an appropriate 
emphasis on each objective. 

3. The directions for the test must be clear and complete and 
each student must know emcUy what is eipected of him. 

4. The reading level of the test should be kept low so that 
the students nho take the test tWU be able to understand 
what they read, even though thqr may not know the answer 
to the questions. 

5. All of the items of a particular ^po should bo grouped 
together in tlie test Tills arrangement will not only make 
scoring easier but ivill also allow the student to take advan- 
tage of the mind-set which comes as one works ivilh a par- 
ticular kind of question. 

6. Construction of the test is the most important single 
factor in a testing program. The pitfalls to be avoided are: 
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"trick’’ questions, ambiguous questions, obvious items, cues 
that will provide answers for other questions. 

Remember that the teadi^ Is fbe ultunate evaluator. A test of any 
kind can give infonnation about the student But only a teacher 
can look at this information, weigh it, add and subtract related data, 
and come up with an appraisal of where a student is in relation to 
his potential, and how he can be helped towards his optimum growth. 
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Xow the specimen is rcad'j to be tccigftcd. 


Weighing requires aeeuroey. 




The teacher helps male the formula. 





VTT BUILDING A PROGRAM 
FOR GIFTED CHILDREN 


Every child deserves the very best education which 
he is capable of recciviog. One of the real problems of the 
school has been that teaclicn have not been able to bring 
out tlie very best in the various students wlio have 
been members of their classes. This is by no means a new 
problem. Teachers have been struggling witli it for 
centuries. But Nvithin the past few yean Americans have 
become very oonceroed about the fact (and it is a fact) 
that many of tiie more able children have not been 
clialJengcd to work at the levels of which they are 
capable. It is particularly true that those cliildrcn who 
are academically oriented and who learn quiddy and 
witli comparative ease bavo often been the most neglected 
students la tlic schools. Tlie reasoning by many teaclicn lias 
gone something like this: 'Wc must give most of our 
attention to tlio average students. Tlicy make up Uto 
largest portion of the student group. Hie capable children 
will Icam no matter what we da So we must concentrate 
tlie time we have on Uie average [whatever that may 
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mean] students.” This method lias brouglit about a leveling 
process. It has tended to keep the more able children at the 
level of the average group wliile it lias striven, often unsuccess- 
fully, to raise the less able to this same average level 

The recent cry has been that tliis concentration of time on tlie 
"average” group is not only unfair to tlie able students, but is 
also a waste of human resources, tlie most valuable of our national 
resources. The attempt to solve this problem is not new; over 
the past fifty or more years many devices have been tried in 
order to serve the varied needs of students. High schools have had 
departmentalized programs and separate “learning tracks” for a 
long time. And “homogeneous groupings” have been employed 
in many elementary schools where there are two or more classes 
in the same grade. Other schools have tried otlier plans. In some 
cases there have been attempts to build individualized programs 
for each child. In other places the programs have been geared 
to one group or another while deliberately ignoring tlie needs 
of those who are not able to profit from the particular course 
being offered. 

But regardless of which position a community or school has 
taken, there have always been a few teachers who have found 
ways of reaching most of their students. When the work of tliese 
teachers is examined, the common elements that can be found 
are that, on the one hand, they have had a broad knowledge of 
the material wliich they teacli, and, on tlie other hand, they have 
ad a very personal understanding and appreciation of tlie in- 
dividual cliildren witli whom they work. Apparently this com- 
bination of factors has been tlie determinant of success in 
challenging each child to attain his optimum development. It 
should be made clear that the teacher does not have to be an 
autliority in each of the subjects lie teaches. Rather, what he 
needs is an understanding of the basic concepts in tlie area of 
study and an abUity to ask those questions which will push his 
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students on to finding some answers. Furtlier, what the teacher 
needs is a set of resources (pec^le, books, other materials) 
whicli can help tlie students explore the questions. 

Obviously, if all cluldren are to work, each at liis level of ability, 
then teachers must develop certain special techmques for work- 
ing with the more able children so that tliey can have Uie op- 
portunities and the challenges which they deserve. Here then 
are some suggestions for working with such children whether 
they are in a class witli cluldren of less abfiity or whether tliey 
have been sorted out by some technique and grouped together 
in a special class. 


IDENTIFYING ABLE CHILDREN 


There is eo general agreement on a deBniUon of "gUjed” chilim. 
We know that they are likely to score well on intcUigenco tests. 
We know that they are likely to function elfecUvcly to class^m 
situations. We know that Uiey are usually able to work 
and reliably by Uiemselvcs. Tliey persevere at tash 
set for themselves. They read weU. They read assiduously. They 
see relationships among the various ideas ivliich Uiey meet ■Hiey 
can genemliae and develop concepts from items of obsen-aUon. 
They can deal with abstractions. 

The only trouble svith this kind of °f 

"giftedness" is Uiat many cluldren who are not gdt,^ do too 

tilings and some "gifted” children do not do aU of them. 

ever, for puiposes of ideutificaUon. it would 

sider tliose children win, indicate tlie followmig abameto^ 

as being capable of doing mote estensive and intensive academi 

work; 


Intelligence quotient— 120 or abrn’o 
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mean] students.” Tliis metliod has brought about a leveling 
process. It lias tended to keep the more able children at Uie 
level of the average group while it has striven, often unsuccess- 
fully, to raise the less able to this same average level 

The recent cry has been tliat this concentration of time on the 
“average” group is not only unfair to the able students, but is 
also a waste of human resources, the most valuable of our national 
resources. Tlie attempt to solve this problem is not new; over 
the past fifty or more years many devices luve been tried in 
order to serve the varied needs of students. High schools have had 
departmentalized programs and separate “learning tracks” for a 
long time. And "homogeneous groupings” have been employed 
in many elementary schools where there are two or more classes 
in tlie same grade. Other schools have tried otiter plans. In some 
cases there have been attempts to build individualized programs 
for each cldld. In other places the programs Iiave been geared 
to one group or another while deliberately ignoring tlie needs 
of those who are not able to profit from the particular course 
being offered. 

But regardless of which position a commuiuty or school has 
taken, there have always been a few teachers who have found 
ways of reaching most of their students. When tlie work of these 
teachers is examined, the coounon elements that can be found 
are that, on the one hand, they have had a broad knowledge of 
the material which they teach, and, on tlie other hand, they have 
had a very personal understanding and appreciation of the in- 
dividual cliildren with whom they work. Apparently this com- 
bination of factors has been die determinant of success in 
challenging each child to attain his optimum development It 
should be made clear that the teacher does not have to be an 
autliority in each of the subjects he teaches. Rather, what he 
needs is an imderstanding of the basic concepts in the area of 
study and an ability to ask those questions which will push his 
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students on to finding some answers. Furtlicr, wliat tlio teacier 
needs is a set of resources (people, books, oUicr materials) 
wliich can help Uie students explore the questions. 

Obviously, if all cliildren are to worl^ each at his level of ability, 
then teachers must develop certain special techniques for work- 
ing witli tho more able children so tlut tlicy can have tlio op- 
portunities and tlie challcogcs which tlicy deserve. Here tlicn 
are some suggestions for working with such cliildren whcUicr 
tliey are in a class with children of less ability or whether they 
have been sotted out by some tcclmique and grouped together 
in a special class. 

IDENTIFYING ABLE CHILDREN 

Tliere is no general agreement on a definition of ‘‘gifted’* cliildren. 
TVe know that Uiey are likely to score well on intcUigenco tests. 
Wo know that tltey are likely to function effectively in classroom 
situations. Wo know lliat tlicy aro usually able to work effectively 
and reliably by tlicmsclvcs. TJiey pcrsei’cro at tasks which Uiey 
set for themselves. They read well TJiey read assiduously. Tiiey 
see relationsliips among the various ideas vvliJch tlicy meet. They 
can generalize and develop concepts from items of observation. 
Tlicy can deal witli abstiactioos. 

Tho only trouble with this Und of operational definition of 
“gifledncss” is that many cliildren who aro not “gifted” do Uicsc 
tilings and some “gifted” children do not do all of them. How- 
ever, for purposes of idcnliCcolion, it would seem wise to con- 
sider those children who indicate Uic following characteristics 
as being capable of doing more extensive and intensive academic 
work: 

Inteiligence quotient— 120 or above 
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Reading score on a standardized test— two ^des above regu* 
lar grade 

Adjustment to both bis peers and bis teadiexs which makes 
bim an academic leader in his ^oup 

Ability to work effectivdy on his own as indicated by his 
power to concentrate on his rvork in varied situations 
Perseverance in carrying out his tasks 

These criteria may exclude some children who are really “gifted” 
and include some children who cannot be so dassified. However, 
a group established on this basts will generally consist of those 
children who can profit from special and additional work in 
science or la other areas. Therefore, in this book, these children 
stall be called "academically able" or just "able" children. 

SQENCE CURRICULA 
FOR ABLE CHILDREN 

There are two courses of action which can be taken with these 
able children. On the one hand, when they are grouped together 
in a special class or in a sub-group of a regular class, they can 
be ^ven advanced work and accelerated through the elementary 
school and bi^ school programs. In that kind of situation, third 
graders can work on fifth grade material and sixth graders can 
work on ninth grade material and then, when these children 
reach high school, they can complete the high school course in 
one or two years. And there is every reason to believe that many 
such children can do this. But there are, among others, two 
major disadvantages to such a procedure- Fxnt, if ehi1flrp.n are to 
accelerate, then once such a group is established other children 
cannot come into it They would not have the necessary back- 
ground to keep up with the ori^nal group. And, secondly, many 
people contend that even though it is possible for a ninth or 
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tenlli grader to complete the academic work that is normally 
carried on tlirouglr the twelftli grade, most yoimg people who 
are only fourteen or fifteen years old are not emotionally, or 
physically, or psycliologfcally ready to go off to college, or at 
least to tlie colleges as they exist in America today. 

But there is anotlicr course of action which can be followed with 
able cluldren. The curriculum can be enriched either by expand- 
ing tire usual units of work to include special activities for these 
able children or by adding special units of work for such 
cluldren from areas tliat are not normally included in tlie public 
school science program. Either of these proposals is fine if it is 
carried out in an organized and regular way. The difficulty has 
been that generally the enrichment program in each classroom 
has been left to the discretion of the teacher, while in those cases 
where tlicre luve been special dasses for the more able children, 
there has been no general agreement among tlie teachers of those 
classes as to what kinds of enrichment units should be added to 
tlie program. In other words, the enrichment program usually 
has been haphazard and often even weak. 

EXPANDING THE SCJENCE PROGilAM 
FOR THE ABLE CHILD 

The able children should complete Uie curriculum established 
for all of the cliildren. But these able children can comprehend 
the material much more rapidly than the other cliildren and 
also they can see relationships beyond those that most of the 
average children can. This means that if the able children are 
to work in heterogeneous groups, then there is a need to find 
ways of expanding the science units. 

It ha s been shown that tlie science units must grow out of the 
major science generalizations which were outlined on page 
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30 in Chapter III. Hiese seven generalizations provide the 
foundation upon which all of the science work is built. A typical 
science curriculum for tlic primaiy grades might include many 
of the following units, based on die seven generalizations: 

1 . There are many kinds of living things and they are inter- 
dependent. 

Animais in our world 
Plants in our world 

2. There are many forms of energy which can be changed 
from one to ano/7jcr, but most of the energy which men use 
is derived from the sun. 

Heat and temperature 
Magnets 

Energy and energy sources 

3. The earth is a small part of a vast universe containing 
other planets, stars, and astral bodies. 

The earth and the sun 
The sun and its planets 

4. The earth’s story, its history and current condition, can be 
read from its rocks, soils, and waters. 

Different kinds of rocks and bow they came to be 
Different kinds of soil and how they came to be 
The air and the atmosphere 

5. Liuing things are dependent upon the earth and its atmos- 
phere and the sun for their food, their shelter, and their very 
lives. 

Weather and climate 
Living and non-living things 

6. Men have learned how to use natural forces, both chemical 
and physical, to make their work easier. 

Fire and fire prevention 
Simple machines 
Sound and music 
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7. Men must we their knoudedgff of science to keep l7iem* 
selves healthj and to improve societtj. 

Foods we should eat 
Preventing the spread of disease 

OjF course such units would be built around a variety of basic 
concepts wliich would be developed with tlie cliildren. For 
example, some of tlie concepts wliicli miglit he appropriate to 
a unit on "Animals in Our World” might be: 

No matter where an animal lives, he needs water, food, and 
sJielter. 

Animals adapt themselves to the kinds of environments in 
which they live. 

Animals have diUerent ways of protecting themselves. 

Animals have different ways of obtaining their food. 

All of the cliildren should be able to understand and use these 
concepts. But in addition to learning tlus general infonnation, 
the more academically able cliUdrcn can do two things. First, 
they can find information about some of the more unusual 
animals and their Ixabits and habitats. Second, they can work 
on more complex and abstract aspects of these concepts. For 
example, they can cany the concept of adaptation to environ- 
ment to a more advanced stage and make a study of the 
ecology of the communities. They may investigate the kinds of 
animals and plants that inhabit tlie same areas and find out 
some of the reasons why tliese living tilings exist together in 
a given environment Another deeper study could develop the 
fact that many of the same kinds of plants and animals inhabit 
places on the earths surface which are seemin^y inaccessible 
to each otlier. For example, there are tlie animals and plants 
which are common to the temperate zones all around die eardi. 
Tiger swallowtails are found in a band around the globe. In 
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the same wy, some grasses follow the temperate zones around 
the earth. And there are many other such phenomena to be 
investigated. In planning each unit, the teacher should include 
in the over-all plans the areas of enrichment which he will use 
>vlth his able students. 

Similarly, these generalizaticms lend themselves to the develop- 
ment oS umts for the inteimediate and upper grades. A unit 
on weather and climate can have special work for the more 
able children on the preparation of weather maps, adiabatic 
sj’stems, and air mass analysis. These able children also can 
explore the areas of weather prediction and weather controL 
A unit on electricity can include some simple introduction to 
electronics such as the use of x'acuum tube circuits for controls, 
amplihcatioa. and computers. A unit on the history of the earth 
can provide some of these children with opportunities to con- 
sider some of the facets of glaciology such as the ages of ^ders, 
the movements of glaciers, the relationships among ice, water, 
and climate on a world-vdde scale, and theories concerning the 
causes of ice ages. Each of the regular units then must also 
prodde extra material for the able children and these materials 
must be planned for in advance of the unit. 

DEVELOPING SQENCE UNITS 
FOR ABLE CHILDREN 

Since the special classes of able children ran and will complete 
quite rapidly the regular curriculum established for all children, 
they also should have the opportunities for enriched materials 
that are planned for the able ones in the heterogeneously 
grouped classes. But such a special class should have still another 
aspect to its program. There should he specially developed units 
of work which would not normally be included in the regular 
program. These additional units ran come from areas of study 
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that tlic cliildren will not meet later in tlicir public school pro- 
grams. This means tliat even Uiou^i some sixth grade children 
probably could understand the materials normally included in 
Uie study of the biology of human reproduction— materials 
which tliey \vouId normally meet at tlie ninth or tenth grade 
level, it is not wise to include them at the sixtii grade level, 
llalhcr, it would be more advantageous to develop units based 
on a topic sucli as tire incubation of cliicks or on some otlier 
phase of embryology. Again, rather tlran study some phase of 
phj’sics wliich will appear later in llie students’ high school 
careers, it would be better to develop an area like the nature 
and use of the telescope. In such a unit, the children could be 
given opportunities to build and work with telescopes. Not very 
much is done with Uie area of laboratory astronomy in most 
of Ujo regular elementary science curricula. The more capable 
children certainly can be encouraged to explore this area. 

Here, grouxTod according to the major generalizations of science, 
is a list of a few of die special science units which might be 
carried on with a class of able children: 

1 . There are many hinds of being things and they are infer* 
dependent. 

Developing various systems for cIa$sif>’iDg plants and animals 
Studying some of the exotic plants 
Studying unusual animals and their habits and habitats 
Learning about th® wide variety of micro-organisms 

2. There are many forms of energy . . . 

Developing simple experiences with solar energy, sucli as 
a solar stot:® 

Finding out about unusual transfonnatioas energy, such as 
phc^oelectric and piezoelectric traosfonnations 
Finding out the ways in which earlier men used energy to do 
their work 

Finding ways of measuring energy 


261 


Xll: Building a program {or gifted children 


3. The earth is a small part of a cast universe . . . 

Varied theories about the aigin of the eartii and the universe 
The nature of astral bodies bej'Ond the Milky Way 
Learning about tools whidi men use in order to find out 
about the universe, including a carefiil study of the tdescope 
Bringing information from various sciences together in order 
to find out about the universe 

4. The earth's story, its history, end ainent condiiion can be 
read... 

The story of IGY 

The nature of the atmosphere 

The oceans and their resources 

Man-made satellites and wbat they can do for us 

Measurements through the ages 

5. Living thingf are dependant upon the earth and its atmos- 
phere . , . 

Ecology of >'ery small communities 

Formation of different kinds of soils and bow they effect plant 
grov.th 

6. Men have learned how to use natural forces . . . 

^^easuI^ng the cScieccy of machines 

Using light to do our work through photography 
Science principles to be found in i mp ortant inventions 

7. Hen must use their knowledge of science to keep them- 
sdves healthy . . . 

The biographies of certain important men of science (Pasteur, 

Lister, L.eeuweohoek, etc.) 

Science and food supply 
Science and water supply 

Certainly, all of the possibflities have not been stated. But these 
examples can illustrate the kind of enriched curriculum that 
such able students can follow in addition to the work that is 
done by all of the children in a given grade. 
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PLANNING SCIENCE UNITS 
FOR THE ACADEMICALLY ABL£ 


Eacli xmit for llie academically able cbildrcn needs to be worked 
out in tile same way tliat the units are planned for regular 
groups. But the resources for tliese more able students must be 
on a more mature level. The reading level can be higher; for 
example, current periodicals can be used for references. Further- 
more ivith tliis kind of class, teachers can feel quite free to call 
on the saenco personnel of the community to help tlie children 
witli both tlieir individual projects and with the total class 
program. Organizing special sdence seminars in which various 
citizens with science jobs come to school and talk with the 
children about their work is one way of enriching the science 
program for able children. Tliis kind of program has received 
considerable support from industry. Top science personnel have 
given much of Uieir time to such projects and, suiprisin^y 
enougli, they have found most of tlieir satisfaction from dealing 
with able elementary school cliildren. These children seem to 
profit more than otliers from the discussions of specialists. 

The objectives for the units can be more complex and more 
abstract. For example, the unit about IGY might include some 
of tlie following: 

OsjEcnvEs: 

K To find out how men cf scieoce work together to gather 
infonnadon about the earth 

2. To leam about the various areas of science whldi IGY 
studies and to understand some of die work involved in each 
of these areas 

a. Occanograpiiy 

b. Glaciology 

a Aurora studies 
d. Terrestrial magnetism 
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e. Cartography and the size and shape of the earth 

3. To learn about some of the instruments and machines 

which the IGY scientists use in their worlc 

There certainly will be other objectives for such a unit, and 
though they will be established according to the principles 
already stated in this book tliey will tend to be more diiHcult 
tlian those established for the regular curriculum. In like man- 
ner, the activities for such a unit can be more complex and 
more advanced. For example, the children can build telescopes 
and participate in moon-watch or other observation groups; 
those who live near the oceans can make salinity studies; in 
inland areas, the studies be made of the fresh water lakes 
and tlie streams. Scliool-wide and even community-wide museum 
exhibits of tlie work done by IGY, including models of satellites, 
of arctic and antarctic IGY stations, of atmosphere-study bal- 
loons, and of tile many odier instruments and pieces of equip- 
ment of the scientists of IGY, can be built and manned by the 
children in tliese able groups. 

There are other areas to be studied also. For example, many 
communities have amateur radio facilities and the children can 
assist the radio “hams” and learn some of the technical and 
international aspects of amateur communication. Tlie study of 
glaciers also can be very interesting and profitable. So can a 
study of the local water supply from the point of view of water 
table problems. Working with able cliildren requires that the 
teacher look for some of the more imusual and more complex 
aspects of a science topic. 

There are a few warnings about the development of such units 
for able cluldtcn. In llie first place, these children, tliough they 
are much more adept in the use of language, still need to have 
many concrete experiences. They too need to build models. 
They too need to try things out and to leam through a variety 
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of experiences and experiments. Secondly, these are children 
who can and should learn to work independently. They should 
have many individual projects and many opportunities for 
iridividual explorations and experiments. Finally, tliese are chil- 
dren who can and should be kept to Iiigh standards. They must 
not be allowed to make careless errors in either mathematics or 
writing, and they must be required to state their information 
precisely. The quality of their science work should reflect their 
ability. 


EVALUATING THE WORK 
OF ABLE CHILDREN 

evaluating the growth of academically able children is really 
tire same as evaluating tlie growtir of any cluldren and so the 
generalizations wlUch appear in Chapter XI also hold for these 
cliildreu. Cut in using these techniques of evaluation, teachers 
of able children should pay particular attention to certain kinds 
of growtli. Here are a few questions which are particularly 
appropriate in the evaluation of academically able cliildren; 

1 . Does the child do a thorough job even though he is work- 
ing indepeadentJy? 

2. Is the child learning more than mere verbalizations? Can 
he do science as well as talk science? 

3. Is the child learning how to find problems for himself and 
establish goals for solving bis problems? 

4. Is the child learning to use the instruments of science ac- 
curately? 

Tire academically able child is likely to become a technically 
skilled adult. He can and should become an intellectual leader. 
Thus, lie must be taught to work independently, accurately, 
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and UiouglitfuUy. Teaclicrs, in measuring liis growth, must be 
certain that these aspects of his growth are receiving thorougli 
nurturing. 


Summary 

Since every child is entitled to be educated to the best of lus ability, 
it is quite clear that when planning the science program for the 
elementary school, specific plans must be made which give consider- 
ation to the needs of the able child. Furthermore, these able children 
must receive their dcscr%'ed attention wlicn the science program is 
carried out They should have more advanced and complex tvorh 
based on their abilities. Of course^ they should be held to the stand- 
ards set for the general student body, but be>'ODd that, they should 
bo expected to delve deeper into subject matter and achieve greater 
sldlls in working in science. 

True giftcdacss i n Individuals is rare indeed . There is only one 
Newton in a thousand years and only one Einstein in billions of 

people. But ability to work wth abstractions is not an absolute; it 

is not an ‘'eilher-cr” situation. Rather, all penpln havn tomn "ability 
in this area and some people have quite a bit of this abili ty. The 
ability to d eal with abs tractions is an important resource both fo r 
the indi viduals whohave it for the nation as a Rrh nolt 

and teadiers must do all in their power to encourage and nurture 
th ese resources. 
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and thoughtfully. Teachers, in uicasuriDg liis growth, must be 
c«»T tfim that tlicsc aspects of his growth arc receiving Ujorough 
nurturing. 


Summary 

Since e>‘cry child is entitled to be educated to the best tA his ability, 
it is quite clear that when planning the sdcnco program for the 
elcmcntaiy school, specific plans must be made which give consider- 
ation to the needs of the able diild. Furthermore, these able children 
must receive their deserved atteotion when the sdcnco program is 
carried out They should have more advanced and complex w'ork 
based on their abilities. Of course^ they should be held to the stand- 
ards set (or the general student body, but bc>'Ood that, they should 
be expected to delve deeper into subject matter and achieve greater 
sldlls in wotldag in sdeoce. 

True giftedness i n indi\iduals is rare indeed . There ts only one 
Ne>v ton in a thwsand years and only ono Einstein in billio ns of 
people. But ability to wmk \%itb abstract ions is not an absolute; it 
is not an "either-or’ situation. Itather, all ppnpla h.-n.-^ yunn ability 
in this area and some people have quite a bit of abili tv. The 
ability to d eal with abs teictions is an important rcsourco both fo r 
the indi viduals who have it and for the naUon as 
and teachers must do all in their power to prirtutrage and nurture 
th ese resources. 
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3 . "No, that's not right. H diould be Uiis woy." 


4. "We’ll leave it on the board for tomorrou}.’ 


In a busy cioisroom many ptofeett go on at once. 


lit hard but rewarding to male your own equipment. 



She made the bulb light. 


Samctimci it tales four hands to moke it work. 






U it oflen helpful la discuti a irrofect tcUli tomcone cite- 


ilU icet cell attia<^s alteniion 




YffT TOOLS FOR TEACHING 
^;\J.1JL ELEMENTARY SCIENCE 


Tuat tlierc is reasoa to teach science in the elementary 
school, there can be no doubt. That dicre are ^^'ays to 
teach tins sdenco so tliat oil teacirers can do creative 
work in the area is also clear. But elementary science is 
truly "general science" in the real meaning of the term. 
Such foundational information along with the tecimiques 
for working with science materials, the altitudes toward 
the world, tlie ways of searcliing out and solving problems 
tliat grow from all tlie science disciplines must become 
an integral part of tlie basic general education of every 
American citizen. 

To teacli science, teachers need clear, specific objectives; 
they need sound teacliing tcclinigucs; they need 
methods of evaluating what tlicy liave taught. But they 
also need tools. Tlie tools of tcadu'ng arc those materials 
witli which the teacher brin^ lus program to life. Tliey 
aro the materials uatlr which be builds a vital, 
individualized, and meaningful program. He needs: 
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(1) special science equipment whidi is simple yet adequate; 

(2) a basic classroom library and bibliography of additional books; 

(3) a list of films and fibnslrips; (4) a resource file of materials 
and of field trips; (5) a knowledge of where to turn for sugges- 
tions for new or additional activities. In short, tlic teacher must 
have a reservoir upon wbidi he can draw as he carries out his 
program. Tlie following list of materials provides such a source. 

SPECIAL 

SCIEKCE EQUIPMENT 

Elementary school science equipment needs to bo simple. But 
it needs to be provided for every classroom. As lias been pointed 
out over and over again, elementary school science is an active 
not a passive program. Tlus means that tliero must be an abun- 
dance of equipment available in the school. Tlic necessary science 
equipment can be divided into two groups. On the one lund, 
each teacher needs certain basic materials in his classroom wliich 
he can make available to his pupils at any Lime. A few simple 
hand tools such as screw drivers, hammers, pbers, an assortment 
of bottles, jars, and dishes, a few dry cells and some wire are 
good examples of these kinds of materials. On the other hand, 
there are the more expensiv'e and more permanent pieces of 
equipment such as microscopes and microprojeclors, galvanom- 
eters and demonstration generators, and model steam engines 
whicii should be available Enough a school-wide science supply 
whenever a teacher needs them. It is desirable that each scliool 
have a science room where the teacher can take his group to 
work on sjiecial science projects and where the science equip- 
ment can be stored. Lacking this, however, the science center 
can be a supply depot and storage room. Such a supply depot 
can be part of the school Ubiaty or the audio-visual center, or it 
can be located elsewhere in die building. The center should con- 
tain at least one locked doset where valuable equipment (for 
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example, microscopes) or materials which should not be used 
without teadier supervision (for example, acids) can be stored. 
Tlie supervision of the raom can be the responsibih'ty of the 
science specialist, if the school has one, or the librarian, or a 
classroom teacher, or a school cleric or a committee of older 
children. Materials can be easily and safely moved from place 
to place in the school even by cliildren if a cart such as is found 
in the cafeteria or in a super-market is used. 


Tlie equipment list does not include machines for projecting films, 
filmstrips or slides. Such equipment is important to science tcacli- 
ing and should be obtained from the audio-visual center. Projects 
which require major construction or large amounts of ait work 
sliould use Uie shop and art facilities. Tiie list of materials and 
supplies which follows has been selected because it oifers a very 
\vide variety of activities with comparatively small expense. Tlio 
chemicals, for example, can serve many purposes, from Qame tests 
to show the children one metliod of identifying elements, to 
ingredients for simple fire extinguishers. The variety of electrical 
equipment can be xiseful at many grade levels, as can Uie steam 
engine or tire microprojector. Amounts and quantities of materi- 
als are not given since these will vary from class to class and 
from scliool to scliool depending on size of budget numbers of 
cliildren, and specific needs. However, the teacher should re- 
member that an active program requires sufficient supplies so 
that all of the children may be involved in the program. Tlie 
asterisks in the equipment list indicate materials wltidi should 
be in cadi classroom. 


Aneroid bsurDcocters 
Thermometers 
•Outdoor thermometers 
•Room thermometers 
Clinical thermometers 
Chemical tlicnnomctcrs, 
Falircnhcit and centigrade 


Cooking thermometers 
Air Uicrmometcrs 
Hydrometers, heavy and liglil 
liquid 

Graduated cjlinders, assorted 
sizes, both English and metric 
markings 
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Scales 

Two-pan balances 
Spring balances 
Xitdren scales 
Bathroom scales 
Weights, both metric and 
avoirdupois 

Air pumps, compression and 
vacuum 
Battery jars 
Bell ja« 

Anatomic models 
Human torso 
Human eye 
Human skeleton 
Color wheels 
Prisms 

Lenses, assorted, including 
Concave lenses 
Convex lenses 
Old ej-eglasses 
•Magnifying glasses • 

Mirrors 
•plana mirrors 
Curved mirrors 
hficTOscopes 
Slides 
Cover slips 
Lens paper 
Microprojectors 

Tuning forks, assorted Hequen- 
cies 

Wires of assorted thicknesses and 
lengths (for sound) 

Dry cells, assorted, including 
Storage batteries 
•1.5 volt cells 
•Flashlight batteries 
(Be sure to keep some dead 
cells for children to break opai 
and examine.) 


Wire, assorted, including 
•Bell wire 

Heavy insulated wire 
Zip cord (used on household 
appliances) 

Swildics, assorted, including 
•Knife switclics, assorted in- 
cluding: single pole, single 
tlirow; single pole, double 
throw; double pol^ single 
throw; double pole, double 
throw 

Toggle switches 
Push button switches 
Pull chain switches (on lamp 
sockets) 

Twist switches (on lamp 
sockets) 

Sockets, assorted, including 
•Miniature sockets (for flash* 
b’gbt bulbs) 

Standard base sockets 
Fluorescent flxtures 
Bulbs, assorted, including 
•Flashlight bulbs (for use 
with 1, 2, and 3 cells) 
Standard base, assorted wat- 
tages (some clear glass) 
Fluorescent bulbs 
Fuses, assorted 
Electric wall receptacles 
Electric plugs 
Friction tape 
Extension cords 
Soldering irons 
Solder 

Galvanometers 
Rheostats 
Spark coils 
Telegraph sets 
Tdephones 
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Doorbells 

Magneto or generator model 
Radio equipment 
Antcuna coil (standard bitnd* 
cast band) 

Antenna ^virc 

Variable condensers (365 
mmf) 

Crystals and ticklers 
Fahnestock clips 
Head phones 

Old radio parts, includmg 
tubes, speakers 
Magnets 
•Bar magnets 
•Horseshoe magnets 
Alnico magnets 
Floating magnets 
ElcctromagDcts 

Large nails (for making 
magnets) 

Iron filings 
Compasses 
•Magnetic compasses 
Free needle compasses 
St Louis ^^oto^ 

Electrolysis apparatus 
Model steam engines 
Model machines (wliich can be 
hitched up to steam engines) 
Pump models, lilt and force 
Pulleys, assorted, including 
•Single pulleys 
Double, triple, and quadruple 
pulleys 

Tandem pulleys 
Gasoline engines 
Demonstration model gasoline 
engines 

Old lawn mower engines 
Model airplane engines 


Badiometers 
'nicrmostats 
Bi-metallic thermostats 
Tlicrmostatic switches 
Photography equipment 
Pin-hole cameras 
Lens cameras 
Daylight paper 
Blueprint paper 
Prepared developers and fixa- 
tives 
Trays 

Bock and nuncral collections 
Shell coUcctions 
Seed collections 

Insect collections, including co- 
coons and egg eases 
Clocks (for tile cliildreu to take 
apart and examine) 

Pendulum docks 
Spring docks 

Striking clocks and alarm 
docks 

Electric docks 
Old liouschold appliances 
Irons 
Toasters 
Mixers 
Fans 
Heaters 

Vacuum cleaners 
Soil testing kit 

Test tubes, assorted sizes, both 
pyrex and soft glass 
Test tube brushes 
Test tube racks 
Test tube holders 
Flasks, assorted sizes and sliapes 
Beakers, assorted sLzes 
Evaporating dishes 
Filter paper 
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•Pans 

•]ais 

•Glasses 

•Spooas 

Tongs 

Wire gauze 

Iron extension rings 

lUng stands 

•Asbestos pads 

Bunsen buxiiers (Use burners 
%nth attached bottle gas il 
piped gas is not available in 
schooL) 

•Electric hot plates 
Clamps, assorted 
Pinch cocks 
Thistle tubes 
Funnels 

Bubber stoppers, one* and two* 
hole in assorted siics 
Corks, assorted 
Rubber hosing, assorted sizes 
Glass tubing 

Assorted sizes, including ther- 
mometer tubing; barometer 
tubing, large bore 
T Tubes 
Y Tubes 

Pneumatic troughs 
Thin rubber sheeting 
Mortars and pestles 
Ciudbles 
Glass squares 
Petri dishes 
Blow pipes 
•Kiedidne droppers 
Plaster of Paris 
Cement 

•Modeling clay 
Hand tools 
•Screw drivers 


•Hammers 

•PUcis 

Cliiscls 

•Saws 

hlallcts 

Tin snips 

•Files 

•Nails and screws, assorted 
•Colored paper and cellophane 
•Candles 
•Straws 

•Brushes, both water color and 
larger paint brushes 
•Water colors 
•Colored iirks 
Food d)'C3 
•Scissors 

•Knives, particularly pen knives 
•Pencils and pens 
•Colored chalks and aa>'ons 
•Wood splints (Tongue depres- 
sors and swab sticks can be 
used.) 

•Adhesive tapes, both cellophane 
and doth 
•AJuminum foil 
•PlioElm 
•Pins 

•paper clips and fasteners 
•Thumb tacks 
•Rubber bands 
•Labels 

•Thread— strong scNving thread 
•Needles, both darning and 
metal knitting needles 
"String 
•Sealing wax 
•Paste 
•Glue 
•Protractors 
"Drawing compasses 
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'BuJers, bvelve- or dghtccn-inch 
•Yardsticks 
•Meter sticks 
•Matches 
•Balloons 
•hlarblcs 
•Flashliglit 
Dissecting pans 
Dissecting kits 
Deflagration spoons 
Static electricity equipment, in* 
eluding 
Buhber rods 
Class rods 
Silk 
Fur 
Wool 
Pith balls 
Eicctrosblic toys 
Electroscopes 
•Absorbent cotton 
•Cardboard milk containers. 

half*pint aud quart size 
•Tin cans, assorted sizes 
•Wooden boxes, assorted sizes 
•Globe 

Geodetic survey and tlirec'di* 
mensional maps (especially of 
local area ) 

Wire netting 
•Aquaria 
‘Terraria 
Ant houses 
•First aid kits 
•Blankets 
Sand buckets 
•Fire extinguishers 
•Flower pots 
•Watering cans 

Hydroponic materials for plants 
Spades 


•TrmveJs 

Soil (It’s hard to come by when 
the ground is frozen.) 

Gravel 
Star charts 

Modeb of the solar system 

•Rubber balls, various sizes 

Pieces of wood 

Pieces of metal 

Enamel pans 

Egg beater 

Sauce pans 

Kettles 

Pinwheeb 

Strainers 

•Rubber gloves 

•Can openers 

Salt 

Cano sugar 
Crape sugar 

Baking s^a (sodium blcarbon* 
ate) 

Baking powder 
Rice, white and brown 
Lima beans 
Kidney beans 
Com starch 
Flour 

Cum arable 

Paraffin 

Steel wool 

Vaseline 

Com oil 

Sand 

Charcoal 

Lnmp black 

Litmus paper 

Kerosene 

Vinegar 

Turpentine 

Gasoline 
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Machine oil 
Chemicals 
Alcohol 
Acetic acid 
Benedict’s solution 
Benzine 
Boric acid 
Bromthymol bluo 
Carbon disulphide 
Carbon tetracldoride 
Ferric chloride 
Formaldeliy'de 
Glycerin 

Hydrogen peroxide 
Iodine solution 
Lead nitrate 
Limo water 

Phenolphthalein solution 
Potassium permanganate 
Ammonia water 
Sodium thiosulfate (Hypo) 
Fehlin^s solution 
Concentrated and dilute nitric 
acid 

Concentrated and dilute Sul* 
phuric acid 


Concentrated and dilute hy* 
drodiloric add 

Caldum carbonate (marblo 
cliips) 

Cbromium oxide 
Cobalt chloride 
Copper (metal strips) 

Copper sulfate 
Iron chloride 
Iron sulfate 
Iron oxide 
Iodine crystals 
Lead 

Lead nitrate 

Manganese dioxide 

Mercury 

Mercuric oxide 

NicVel sulfate 

Potassium chlorate 

Sodium hydroxide 

Strontium nitrate 

Sulfur 

Tin 

Zinc 

Zinc chloride 


For the most part, Uie suppL'es for elementary school science can 
he obtained from local stores or through a general school supply 
source. However, some of the special equipment needs to be 
ordered from a sdentific supply house. The following is a list of 
companies which can provide such items. 


Carolina Biological Supply Co., Elon College, North Carolina 
Cambosco Scientific Co., Britton, Massachusetts 
Central Sdentific Co., 1700 Irving Park Road, Chicago 13, 
Illinois 

Eimer & Amend Co., Creertwich and Morton Streets, New 
York 14, New York 
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Fisher Scientific Supply Co., 717 Forbes Street, Pittsburgh 19, 
Pennsylvania 

General Biological Supply House, ^00 South Hojne Avenue, 
Chicago 20, Illinois 

Pacific Laboratory Apparatus Co., 35SS Whittier Boulevard, 
Los Angeles 23, California 

Ward s Natural Science Establishment, Inc., 3000 Ridge Road 
East, Rochester 0, New York 

Welcdi Scientific Co., ISIS North Sedgwick Street, Chicago 10, 
Illinois 


BOOKS FOR THE ELEMENTARY 
SCIENCE PROGRAM 


Things would be in a pretty state if every time anyone wanted to 
Icom sometliing, iio had to discover it entirely by himself, All tliat 
is known today is based upon what was learned yesterday, and 
the day before, and a hundred years ago, and five diousaod years 
before tlub Learning, like dvilization itself, is a continuum. 
Newton put it well when he said; “If I have seen fartljer ... it is 
by standing on tlie shoulders of ^ants.” For much information, 
then, one must turn to books. Authors are really resource people 
who, wliile tliey do not themselves come into Uic ebssroom, none 
the less send their information both to tlie teachers and to the 
children tlu-ough the medium of Uieir writings. A most important 
tool for teacliing science is a well cliosen library. 

Selecting a library of children’s sdence books requires, first of all, 
a point of view or pliilosophy of education. The list wliicli follows 
has been chosen because it fits into tlie plan of science education 
advocated by this book. There are literally hundreds of children’s 
science books from whicli to dioose. These two hundred titles 
have been carefully selected and annotated to provide a basic 
collection wluch can furnish the necessary fundamental informa- 
tion which teachers and cliildren can use to develop the sound 
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understandings of the seven science generalizations (see chapter 
III ) which form the foundation of the science curriculum. 

The books for this basic list have been arranged in three groups: 
primary grades books; intermediate grades books; and reference 
books and texts. Tlie primary and intermediate lists are sub- 
divided according to the following seven topics: 

Books about animals 
Books about plants 

Books about the earth and its atmosphere 
Books about the stars and the universe 
Books about people 

Books about energy, machines, and materials 
Books cm related science topics 

Of course, categorizing books as being suitable either for primary 
level or for intermediate level is always a dangerous procedure and 
is necessarily arbitrary. Tliere are primary grades children who 
can and should use books from the upper grades. There are books 
which are listed as being for the primary grades which can pro- 
vide infoimation for fourth, fifth, sixth, and even seventh grade 
classes. And, of course, there are children in the intermediate 
grades who are reading at more elementary levels and need easier 
books. Thus, when teachers use this list, they should use it as a 
whole. All of the books on a given topic should be taken into 
account as a teacher plans his work. 

The reference books and texts are useful at all grade levels, and, if 
possible, there should be enough copies of these books available 
so that they are a part of the permanent library of each classroom. 
Certainly, copies of these books belong in the school library and 
should circulate to the various classrooms as they are needed. 
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PRIMARY GRADES BOOKS 


Boolcs about animals: 

Adelson, Leone, All Ready for Winter, New York: David McKay, 
1952. A simple story of wbat happens to aoImaJs as winter approaches. 

Blougu, Glenn O., After the Sun Coes Down, New York: McC/aw- 
HiU, 1956. The night-time activities of a variety of living creatures. 

, IV/io Lives In this House? New York: McGraw-Hill, 1957. A 

simple story of animals and bow they build their homes, rear their 
young, and live together. 

Biudces, William, Zoo Babies. New York: Morrow, 1953. Photographs 
and stories of baby animats in the zoo. 

Bbonson, WtLFnfD S., Coyotes. New York: Harcour^ Brace, IWfl. 
Excellent information about a strange and interesting animal. 

— — , Follywiggle’s Progress. New York: Macmillan, 1933. The life 
cycle of a bull frog told accurately and placed in a scieotificany 
accurate natural setting. 

Buff, Maby, and Co.ntiad Buff, Dodr and Dart. New York: Viking, 
1942, The first year in the life of two fawns. A combination of fine 
artistry and good science. 

— , Elf Owl New York: Vildng, 1953. Desert life as seen by a 
pair of elf owk. 

, Hurry, Skurry, and Flurry. New York: Viking, 19ft. Another 

beautiful story, well told; this time about three little squirrels. 
Clare, Mary Lou, True Book of Dinosaurs. Chicago: Childrens Press, 
1955. A hook about dinosaurs which primary graders can read as %vell 
as look at. 

Eberle, Irmencaroe, Robins on the Windoio Sill. New York: Crowell, 
195S. A simple text and photo story on the life cyde of a pair of 
robins from arrival in springtime thrwgh mating, nestiag, family life, 
and flight of the fledglings. 

Flack, Mahjoiue, Tim Tadpole. New York: Doubleday, 1934. The 
development of a tadpole into a singra^ jumping frog. 
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Gall, Auca^ and Fleming Crew, All the Year Round. Fair La^v^, 
N.J.: 0:Jord, 1944. Simple stories of birds and small animals tlirough- 
out the year. 

— , Little Black Ant. Fair Lawn, N. J.: Oxford, 1936. An imagina- 
tive and scientifically accurate study of the ant. 

Hoee, John, First Book of Snakes. New York: Franklin Walls, 1952. 
An elementary but rather comprclicnsivc study of snakes. 

Huntington, Haiuuct E., Let's Co Outdoors. New York: Doubleday, 
1939. A story in photograpits and simple text of tho small anim . tl . s 
found almost evcr>-\vherc. 

, Let’s Go to the Brook, New York: Doublcday, 1952. Animals 

and plants of a small stream, told in photographs with a simple 
text. 

— Let's Co to the Desert. Nmv York: Doubleday, 1949, Desert 
animals and plants in photographs and simple text 
— , Let's Go to the Seashore. New York: Doublcday, 1041. A 
diarming and accurate story in words and photographs of tlie com- 
mon animals and birds of the sea. 

— Praying Mantis. New York: Doubleday, 1957. A group of ex- 
ceptional photographs and simple but well \vTitten text telling tho 
story of this interesting insect through its entire life cycle. 

McClunc, RoDEtrr M., Bufo; the Story of a Toad. New York: Morrow, 
1934. *1116 fint three years of the life of a toad. 

, Hub^ Throat; the Story of a Hummingbird. New York; Morrmv, 

1950. The life cycle of the tiny and beautiful bird told simply and 
accurately. 

, Tiger; the Story of a Swallowtail Butterfly. New York: Morrow, 

1953. Accurate informatiaa about the life cycle of a butterfly, from 
egg to maturity, told in simple text and pictures. 

^ODENDORT, liXA, True "Book of Insects. Chicago: Childrens Press, 

1954. Interesting facts about a variety of insects told in simple 
language and well illustrated. 

, True Book of Pets. Chicago: Childrens Press, 1954. The needs 

and care of a variety of pels. 
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MrLLiCE?JT, AH About E^s. New York: Scot^ 1052. Tlio 
story of reproduction told in simple and clear language; fcst rhifV pn- i 
and birds, then dogs, cows, and whales, and finally humans. 

, Time for Sleep. New York: Scott, 1953. How animals rest and 

why tliey need to do it 

Tabeh, Gladys, First Book of Cals. New York: Franklin IVatts, 1930. 
All different lands of cats along with their needs and care. 

Williamson, hlAnCAnET, First Book of Birds, New York; Franklin 
Watts, 1951. Information about the characteristics and features of 
birds. 

, First Book of Bugs. New York: Franklin Watts, 1949. Wide 

range of accurate and absorbing information on many kinds of bugs 
and insects. 

ZiM, Hehbcbt S., Elephants. New York: Morrow, 1949. The essential 
facts about the elephant’s life and habits, well written witli excellent 
illustrations. 

— , Owb. New York; Morrow, 1950. All kinds of in/onaation about 
all kinds of owls. 

Books about plants: 

BLOvcir, Glenn O., Wait for the Sunshine. Now York: ifcGraw-HiiJ, 
1954. How plants live and grow and the part that sunsliine and 
seasons play in their growth. 

Hunitncton, liAniUET E., Let’s Go to the Brook. New York: Double- 
day, 1952. Plant and animal life in a sriuli stream told in photographs 
and simple text 

, Let’s Go to the Desert. New York: Doublcday, 1919. Desert 

plants and nnimals in photograidis and simple text 

PoDENDOKF, Illa, Tfuc Book of Trees. Chicago: Childrens Press, 1954. 

How trees gnnv; what they are used for; how to {deaUfy them, 

^ True Book of Weeds and Wild Flowers. Chicago: Childrens 

Press, 1955. Colorful illustrations and simple text identify the weeds 
and wild fioNvers around the bouse, the road, the woods, and the 
fields. 


279 


XIII: Tools for teaching elementary science 


SelsaIiI, MmjCENT, Play with Plants. Ne%v York: Morrow, 1949. 
Simple experiments which explain hmv plants and seeds live and 
grow. 

Webbef, Ibma E., Biis That Grow Big. New York: Scott, 1949. Experi- 
ments in plant reproduction in simple text and pictures. 

, Travelers All, New York: Scot^ 1944. A simple, clear, well* 

written story of how plants and seeds move from place to place. 

, 17p Above and Down Below. New York: Scott, 1943. The struc- 
ture and function of plants told in pictures and text for primary 
graders. 

Thanks to Trees. New York: Scott, 1952. The conservation 
story for very young readers. 

ZiM, Hehbebt S., What's Inside of Plants. New York: Morrow, 1952. 
Material on the physiology of pl^ls, concise text and good iUustra- 
dons. 


Books about the earth and its atmosphere: 

Bate, Norman, Who Fishes for OH? New York: Senbner, 1955. The 
actual process of drilling an off-shore oil well. 

B^ugii, Gunn 0., Not Only for Ducks. New Yorks McGraw-Hill, 
1954. A simple story of the water cycle and many forms of life which 
are dependent upon It. 


Wflif for the Sunshine. New York: McGraw-Hill, 19S4. The 

sun and the seasons and their effect on plants. 

CounEY, A^ce E., Good Rain. New York: Aladdin Books, 1950. What 
ram does for people both in city and in the country. 

No^c JosQ^E S„ First Booh of Water. New York: Franklin 
j ^ i Water from douds, snow, ice, rivers, oceans; the work 
done by water; simple expmmeots wiA water. 


Books about the stars end the 

Meyer, s.. Picture Book of Astronomy. New York: Lothrop, 

Shepard. 1945. A young reader’s introduction to the subject 
ot astronomy. 
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ScHNEiDEn, Herman, and Nina SoiNtiDEB, You Among the Stars. 
New York: Scot^ 1951, Simple explanatioos of the earth, Uie solar 
system, and the universe. 

Books about people: 

Gruenberc, SmoNiE M., Wonderful Story of How You Were Bom. 
Ne%v York: Garden City Books, 1952. The simply told and accurate 
stray of human reproducHoo. Excellent fear use with primary grades or 
for recommendation to parents for use when a new sibling is expected. 

Hogben, Launcelot T,, with Marie NEURAin and J. A- LAtnvERvs, 
Hoty the First Men Liced, New York: Chanticleer, 1950. The story 
of pre-historic man— how he hunted, built shelters, made tools and 
weapons, discovered fire. 

SixsAM, MnxiCENT, All About Eggs. New Yorkt Scott, 1952. The 
story of reproduction including a short and simple explanation of 
human reproduction. 

ZtM, Herbert S., WhaYs Inside of Me? New York; Morrow, 1952. 
How the internal organs of the human body function. 

Books about energy, machines, and materiab; 

Eltinc, Mary, LolUjpop Factory— and Lots of Others. New York; 
Doubleday, 1946. Tlie basic principles of science which are involved 
in the modem industrial production system. 

HAsm.TO.v, liussEl, First Book of Trains. New York; FranJJin Watts; 
1956. A rodew of different kinds of trains and their various functions. 

Niciibert, Esther, True Book of Clotlr. Chicago: Childrens Press, 
1955. Tlio story of all kinds of clotli from both natural and synthetic 
fibres. 

SczLVEiOER, IIersxan, aod Nina SaisaoEa, Now Try This. New Yorks 
Scott, 1947. Elementary mcdanics, including friction, levers, wheels, 
etc., willi simple axperiments to demonstrate tlie sdcnco principles- 
SatNETOEB, Nlsa, and HEn.MA.N SatNEinEB, Let's Find Out. New York: 
Scott, 1946. A book of simple physics concepts and esperimeats to 
explain the concepts. 
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7r\Tj Herbeht S., Things Around the House- New York: Kfoirow, 
1954. Tte science involved in common household items. 

Books about related science topics: 

Bncf, Haiuiv, All Kinds of Time. New York: Harcour^ Brace, 1950. 
Time from a drild's vimv point— dodcs, seasons, )'ears. 

Bexdicx, Jeaxne, All Around You. New York: McGraw-Hill, 1951. 
A pleasing picture book about the natural phenomena which a child 
sees around him— sun, moon, douds, water, soil, seeds, eta 
Leaf, MiRsmo, Arithmetic Can Be Fun. Philaddphia: Lippincolt, 1949. 
Some of tlie whys and bows of arithmetic, including telling time, 
measurement, reading the calendar, and money. 

Neuratii, Marie, Til Show You How It Happens. New York: Lothrop, 
Lee, and Shepard, 1949. Simple explanations of many science pbe- 
nomena indudlng a numbex from the physical sciences such as steam 
locomotives and canal locks. 

Parker, Bertha M., Golden Book of Science. New York; Simon and 
Schuster, 1956. A peek at the many phases of sdence which interest 
the beginner; profusely and wdl illustrated. 

PoDEKCORF, Illa, True Book of Science Experiments. Chicago: Chil- 
drens Press, 1954. Simple experiments about air, magnets, water, 
sound, gravity, beat and cold, using materials found around the house. 
ScHNEmra, HoiaiAN, and Nina Schneider, How Big Is Big? New 
York; Scott, 1950. Ideas on big and small which go from the familiar 
to the unknonn in step by step comparisons. For more mature pri- 
mary graders. 


INTERMEDIATE GRADES BOOKS 


Books about animals: 

Andrews, Roy C., All About Whales. New York: Random House, 
1954- All kinds of whales and whaling— where these creatures live 
and their habits. 

Bullovch, William, and Helqia Bullodcb, Introducing Animals- 


282 



Kill: Tools for ieacJiing demesdanj science 


wUb~Bac)ihoncs, N<av York: Crowell 1954. The 350 years of 
back-boned life from the earliest known fishes to man himself. 

Eaule, Oli\t: L., Birds and Their Nests. New York: Morrow, 1952. 
Characteristics, nesting habits, conunon locations, and other materials 
on more than 40 birds of North America. 

IIocNEB, Dorothy C., and Nils Hocntr, Animal Book: American 
Mammals North of Mexico. Fair Latvn, N. J.; Oxford, 1842. The ap- 
pearance, habits, and behavior of North American mammals along 
witli their economic significance. 

Hollinc, Hqixjsg C., Minn of the Mississippi. Boston: Houghton 
MifBin, 1951. The 2300 miles of the Mississippi River are described 
in parallel to the life of a snapping turtle who h'ves in ft. 

HiXAXDEzi, CiAzustfCE Animals in Armor. New York: Macmillan, 
1954. An introduction to the common reptiles, where and how they 
live, and their place in nature. 

Xnautr, MAiicAiiEr F., and Joint XzEtux, John James Audubon. New 
York: Random House, 1954. The life story of the man who studied 
and made so many colorful paintings of American birds. 

AUtiiews, Ferwxa.n'd S., BooJt of Birds for Young People. New York: 
Putnam, 1921, A general discussion of the birds of eastern North 
America, including a fine diaptcr on migration of birds. 

Morgan, Alfbed P., Aquarium Booh for Bofjs and Girls. New York; 
Scribner, 1938. A good working liandbook on the care and feeding 
of common aquarium fish. 

PiSTOBics, An-na, What Butterfly Is It? Chicago: Foliett, 1919. Ac- 
curate informalioa about mwo than 50 common butterfiics of North 
America. An excellent begianing reference. 

Pope; Cufford H., Beptiles Bound the World. New York: iCnopf, 
1937. The ways of reptiles and their distribution around tlie world. 
Robertso.\', Gladys V., Strange Sea Life. New York: ffenry ffolt, 1950. 
The strange creatures that inhabit U»e sea, well described and il- 
lustrated. 

San-debsox, Ivan T. (cd.). Animal Talcs. New York: Knopf, 1948. 

An anthology of a ntmAl talcs from many countries Avilh descriptions 
of the locales and a brief sketch of tho author of cacli story. 
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Zat. Herbert S.. Goldfish. New Yorks Mono%v, 1&47. A simple, scien- 
tific explanation of the nature and lands of goldfish along with ex- 
cellent instructions on how to care for them. 

, Reptiles and Ampftifcions. New Y<Mrk: Simon and Schuster, 1953. 

One of tlie Golden Nature Guide series which, for simple identifica- 
tion materials, is excellent. 

Books about plants: 

Beaty, John Y., Luther Burbank, flant Magician. New York: Messner, 
1943. The story of the man who developed many new varieties of 
plants. 

Buck, Mabgabet W., In Ponds and Streams. Nashville, Term.: 
Abingdon Press, 1955. A fine elementary description of the flora and 
fauna to be found on and around small bodies of water, 

Bdst, Maby, and Conhao Bofp, Big Tree. New York: VdoDg Press, 
1946. A beautifully told story of the 5000-year life of a giant sequoia. 
CoBxtAce, KIabibclle, First Book of Trees. New York: Franklin 
Watts, 195L A simple guide for the id^tificatioa and location of many 
common trees of America. 

LaiBACK, Bossm, T., Amertcan Tree*. New York: Random House, 
1942. Full page color illustratioas and man y large drawings of leaves 
and fruits trees make this a very useful guide. 

ScuATz, Albert, and Sarah Rieduan, Story of Microbes. New York: 
Harper, 1952. A readable and informative text on micro-organisms— 
their discovery, their nature, their impact on humans. 

Scuneider, Herxian, and NtNA Schneider, Plants in the City. New 
York: John Day, 1951. The plants and trees that live and grow in the 
city described in text and illustiadons along with simple e:q)eriraents 
to explain various pluises of plant growth. 

Selsaii, Mhhcqitt, Microbes at Work. New York: Morrow, 1953. 
The work that nucro-organisms do and how ^hig work affects man 
is explained with text, illustratioas, and some simple experiments. 

— — , Plants We Eat. New York: Morrow, 1935. The history of our 
various food plants along with scaentific phenomena related to these 
plants. Indudes simple experiments. 
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Sterling, Dorothy, SJory of Mosses, Ferns, and Mushrooms. New 
York: DoubJedjy, 1955. Fbotographs and weU-iviitten text give tl}e 
story and facts about flowcrle&s plants. 

\VooD, Lauha N., Louis Pasteur. New York: Messncr, 1948. A warmly 
human story of the man who worked with microbes. 

Books about people: 

Beck, Lestik F., Human Grou?t/i. New York: Harcourt, Brace, 1949. 
Cro\vtli, reproduction, and se.t instruction based on an educational 
film of the same title. 

Benedict, Ruth F., and Gene Weltosii, In Henry’s Backyard. New 
York: Abclard-Schuman, 1948. The differences among races and the 
origins of racial prejudices told by two famous anthropologists. 

Eberle, InirENCAROE, Dig FamiUj of Peoples. New York: CroweH, 
1952. The tides of people sweep back and forth over the earth and 
make up ooe race-the human race. 

Ecel, May M., Story of our Ancestors. Boston: Little, Brown, 1955. 
Prehistoric man’s story and how it has been pieced together. 

Evans, Eva, AU About Vs. Inington-oo-Hudson, N.Y.: Capitol, 1947. 
Scientific facts about people and groups, designed to combat pred- 
judices. 

Jessup, Ronald F., Wonderful World of Archaeology. New York: Gar- 
den City Books, 1956. The story of archaeology, its relationshj’p to the 
modem world, and the modem sdentific tools which men use to 
find out about ancient civiluations. 

KimiE, Nora B., First Book of Archaeology. New York: Franklin 
Watts, 1957. An elementary look at lost civilizations and ancient cities, 
and the men who uncover these stories of the past. 

Levine, Milton I., and Jean H. Selicmann, A Baby Is Born. New 
York; Simon and Scliuster, 1949. A fraok story of how life begins, 
simply and directly told without sentimentality. 

Ravielli, Anthony, Wonders of the Human Body. New York: Viking, 
1954. The human body as a maebine: a clear and well-\vritten ex- 
planation of the structure and hiactiOQ of the whole body and its 
various parts. 
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ScHNOLEB, Herman, and Nina Scmkeider, Hou) Your Body Works. 
New York: Scott, 1949. The digestive system and the sensory system 
explained fully in terms that are accurate but simple. 

ScHNEiSEB, Leo, You and Your Senses. New York: Harcourt, Brace, 
1956. Explanations and simple experiments to show how your senses 
work. 

SmppEN, Katuckine B., Men of Medicine. New York: Viking, 1957. 
The lives and works of major medical scientists of the past five 
thousand years. 

Strain, Frances B., Being Bom. New York: Appleton-Century-Crofts, 
1951. Sex instruction and infonnatioD about hospital care for mothers 
and babies. 

Ziii, Herbert S., Our Senses and How They Work. New York: Mor- 
row, 1930. An elementary but accurate study of the human sense 
organs. 

Books about the earth and its atmosphere: 

Anurbsvs, Box C., AU About Dinosaurs. New York: Random House, 
1953. An expert tells about fossQs and the excitement of hunting 
them. 

BATtY, Euzabeth C., America Before Man. New York: Viking, 1953. 
The geologic history of the western hemisphere. 

Bexl, Thelaia H., Snow. New York; Viking, 1951. How snow and its 
related forms of precipitation are developed and fall to earth. 
Brindze, Ruth, Gulf Stream. New York: Vanguard, 1945. The ocean 
river that is a determinant of mans Atlantic voyages told in simple 
text and pictures. 

Coleman, Satis N., Volcanoes, New and Old. New York: John Day, 
1948. An exce l l en t reference wwk on the volcanoes of the world. 
CoRxiACXc, hlAB iRnu , First Book of Stones. New York: Franklin 
Watts, 1930. A begiimer’s look at rocks and how to make a rock 
collection. 

Fenton, Carroll L., and \inj>BEn A. Fenton, Land We Lice On. 
New York: Doubleday, 1944. The story, very simply told, of the 
land, how it came to be, and how is changed by fixe, water, air, 
and men. 
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, Prehistoric World. New York: John Day, 1054. Stories of animal 

life ia past ages. 

, Rocks and Their Stories. New York: Doubleday, 1951. As fine 

an introduction to physical geology and the nature of rocks, stones, 
minerals, ores and the other materials of the eartli's surface as is to 
be found. 

Fisoeb, Jaxics, Wonderful World of the Sea. New York: Garden 
City Books, 1957. The natural phenomena of the sea, the life within 
it, and its potential for men. 

Gaeh. Josetd, Everyhodt/s Weather. Philadelphia: Lipplncott, 1944. 
Weather phenomena and how they are related to various occupations. 

Gaixant, Rov a.. Exploring the Weather. New York: Carden City 
Books, 1957. A worthwhile addition to the coUecb'on of children's 
books about the weather. 

Galt, Thomas P., Volcano. New York: Scribner, 1946. The story of 
Foricutin and its rise from a cornfield to a volcano. 

CjufiAAr, Edward H., Water for America. Fair Lawn, N.J: Osford, 
1056. The story of water, with particular emphasis on Its conserva* 
Uon aspects. 

Hvde, MARCAnCT O., Exploring Earth and Space. New York; hfcGraw- 
Hill, 1957. The various aspects of earth and space study related to 
the International Geophysical Year. 

Pouch, Fredehics H., AU About Volcanoes and Earthquakes. New 
York: Random House, 1953. A survey of volcanoes and earthquakes 
and what they do to and for men. 

Reed, W. Maxwell, Earth for Sam. New York: Harcouit, Brace, 1930. 

A children's classic on the geologic periods of the earth. 

, Sea for Sam, New York; Harcouit, Brace, 1935. Oceanography 

in all its aspects told very well for begiiinmg scientists. 
f?£EiJ£iXfr, Sasouc, IVaAfr fifr Afew Yorkr 

1852. IVater and how it serves men for food production, power, and 
otlier ways. 

SaixEiDEB, Herman, and Nina Scuneii»3^ Everyday Weather and 
How it Works. New York; McGraw-Hill, 1851. Weather phenomena 
and the sclcaco which explains them. A simple weather station Is 
planned and suggesb'oos for building it are given. 
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, Rocks, Rivers and the Changing Earth. New York: Scott, 1952. 

Historical and economic geology made understandable through good 
teit; illustrations, and simple eipcriments. 

TA^•^•znILl, Ivan IL, AH About the Weather. Ne^v York: Random 
House, 1953. The work of the weatherman in observing measuring, 
reporting, predicting, and warning. 

TxxNEN'BACir, Beulah, and Myba Stiixman, Understanding Maps. 
New York: McGraw-Hill, 1957. How the earth is mapped and the 
ways that men use maps. Simple experiments to determine latitude 
and lon^tude. 


Wmrz, Ann-e Teehy, Prehistoric America. New York: Random Hous^ 
1^1. America before the Indians reached these shores when pre- 
historic monsters roamed here. 


Wtiib. Hose, and Gehau. Ames. Story oj the Ice Age. New York: 

1956. This fasdmBng accwml of the various ice ages along 
«« some of the theories of how ice ages came to be, and their 
esect on plant, animal, and human Rfe, 


Zar, Herb£»t S., Dinosaurs. New York: 
discussion of the age of reptiles. 


Morrow, 1954. A complete 


Tlutoder. New York; Moiiow, 1952. A fine eipla- 
“riTifiiy O' gtoot invest 


Eueibeih K. Coopeh, .Minerals; Their IderUi- 
^wn. U,^. end How to CoHea Them. New Yotfc: Harcourt. Brace, 
1943. Eiccilent for sunpie identification of common minerals. 


Books about the stars and the universe: 

Robebt 1^ men the Stars Come Out. Netv York: Viking. 

astranomer tells the story of that science froS 
Its earliest beginnings to the present. 

TbTSi®'™' No” Vanguari, 1919. 

The development of nur calendar bom the Babylonians to flj^resent 

and ir*^Ss"X“f “rS 
sun. Its planets, the stars, and flie galcw-^ ^ S on u, me 
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ics. New York: Cro%vdl. 1954. Simple experiments and explanations 
of atomics. 

, Experiments loith Electricity. New York: Crowell, 1949. More 

than twenty safe e.vperiments with electricity together %vith explana* 
tJons of the principles which tfiey demonstrate. 

Beotick, Jeanne, Electror^cs for Young People. New York: McGraw- 
Hill, 1955. An introduction to electronics— what electrons are, how 
they worl^ and how they are harnessed. 

, First Book of Airplanes. New York: Franklin Watts, 1952. An 

introduction to aviation— its basic science principles and their applica- 
tions. 

, First Book of Space TraocL New York: Franklin Watts, 1953. 

The meaning of space and the problems that roust be overcome in 
order for man to explore it 

Bend:ck, Jeanne, and Robert Bendicx, Television Works Like This. 
New York*. McGraw-Hill, 1954. The operation of a television system 
from studio to home including chapters on color television and net- 
^vo^k systems. 

BRnTE.v, Katuerine, What Makes It Tick? Boston: Cadmus, 1943. 
The hows and whys of many common mechanical devices. 

Bisaior, George P., Atoms at Work. New York: Harcourt, Brace, 
IWl. Basic prindples and the promise of atomic energy, simply told. 
Eceuncasie, Roger, AIccktnc* That Built America. New York: Har- 
couit. Brace, 1953. The stoiy of mass production and file men, ma- 
chines, and materials that made it possible. 

CoccL^'s, Jack, and Fletoier Pratt, Rockets, Jets, Guided Missiles, 
and Space Ships. New York; Random House, 1951. History and de- 
velopment of rockets and jets, along wufii an explanation of their 
operation. 

Doorly, Eleanor, The Radium Woman; A Life of Marie Curie. Neiv 
York: Roy Publishers, 19K. A thoroughly readable book about Mme. 
Curie’s struggle against poverty and her dedication to physics. 
Fenton, Cahroiz, L., and Mildred A. Fenton, Riches from the 
Earth. New York: John Uay, 1S33. Important ores, cximpounds, and 
elements, and how they are made useful for men. 
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Freeman, Mae, and Ira Freeman, Fun with Chemistry. New York; 
Bandom Hous^ 1944. A first laborator}' book of chem/sby. 

Fun with Science. Hew YotIc; lUodom House, 1943. Simple 

experiments and experiences wliich can help diildren understand 
simple physical principles. 

Gramam, Sihrley, Dr. George Washln^on Carver, Scientist. New 
York; Messner, 1944. Tbe story of how the son of a slave strove to 
educate himself and finally became a distinguished chemist. 

Hocben, Lancelot T., Wonderful World of Energy. New York; 
Garden City Books, 1957. Man’s use of power from earliest times to 
atomic energy. 

Huey, Edward G., What Makes the Wheels Go Round. New York; 
Hareoiurt, Brace, 1952. A simple overview of some physics principles 
and their applications to many common phenomena. 

Jddson, Clara, Benjamin Franklin. Chicago: FoUett, 1957. Emphasizes 
mostly Ills political acliievemeots, but does list liis scientific dis- 
coveries and inventions. 

Lewellen, John B., Helicopters; How They Work. New York: Crow- 
ell, 19S4. The way helicopters work and the uses to which they can 
be put. 

— — , Mighty Atom. New York: luiopf, 1955. A very simple and 
dear explanation of the atom and methods for releasing its energ)'. 

, l/ndcrstonding Electronics. Ne^v York: Crowell, 1957. A good 

but difficult book on electronics and bow it has affected man’s life. 

, You and Atomic Energy. Chicago: ChOdren’s Press, 1949. Very 

good explanation of the development and uses of atomic furnaces. 
Let, WiLLV, Engineers’ Dreams, Hew York; Vita'ag, 1954. The proj- 
ects that engineers have planned but never carried out-a glimpse 
into the nevCT-never-world of science dreams. 

Maciniey, C. J., Historic Motlels of Early America. New York; Har- 
court. Brace, 1947. A historic sketch along with detailed pirns for 
constructing many of the tools and machines of early America. 
MEADO^vasOFT, William II., Ben/s Life of Edison. New York: Harper, 
1926. This is practically an autobiography of Thomas Edison since 
he worked very closely with the authw. 
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Morgan, Alfred P., First Electrical Booh for Boys. New York: Scrib- 
ner, 1951. A comprehensive story of electricity %vi^ many facets wliich 
children can explore. 

Neurath, Marie, Bochets and Jets. Ne'v York: Lothrop, Lee, and 
Shepard, 1952. Elementary explanation of the principles of rockets 
and jets and how the principles have been applied to aircraft. 

Poole, Lynn, Your Trip into Space. New York: McGraw-Hill, 1953. 
Scientific information on space travel and what it will mean to men 
in the future. 

Reynolds, Quentin J., Wright Brothers; Pioneers of American Aoia- 
tion. New York; Random House, 1950. TTie story of how the brothers 
invented, built, and fiew the first airplane. 

Rosen, Sidney, Galileo and the Magic Numbers. Boston; Little, 
Brown, 1938. Galileo's struggle to intr^uce his ideas in hostile 16th 
century Italy. 

SatNEiDEB, Herman, and Nina Soinxidef, Let's Looh Inside Your 
House. New York: Scott, 1948. Simple text and experiments which 
explain the common household physics phenomena. 

— , Mor<; Power to You. New York: Scott, 1953. The significant 
factors in the development of power from windmills to atomic 
furnaces. 

, Your Telephone and How It Works. New York; McGraw-Hill, 

1952. A careful and logical e-iplanation of sound and how it is trans- 
formed into electricity through the medium of the telephone. 

SinfPE.v, Katheripte B., Bridle for Pegasus. New York: Viking, 1951. 
Stories of man’s attempts to fly, 

, Mr. Bell Invents the Telephone. New York: Random House, 

1952. A well-written story of the dedicated life of the inventor of 
the telephone. 

SooTLv, Harry, Michael Faraday; From Errand Boy to Master Phy- 
sicist. New York: Messnei, 1954. The story of tiie British scientist 
who developed the dynamo, the electric motor, etc. 

Stoddard, Edward. First Book of Television. New York: Franklin 
Watts, 1955. A simple explanation of what television is and how it 
works. 
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Tannepjbaum, Bculaii, and Myba Stillman, Isaac Newton, Pioneer 
of Space Mathematics. New York; McGraw-Hill, 1959. A fascinating 
story of the life of Isaac Newton with special attention to his 
scientific acliievements in the fields of physics and mathematics. 

Books on related science topics: 

Benoick, Jcanne, Hoio Much and How Many. New York: McGraw- 
Hill, 1947. How weights and measures affect science and everyday 
living. 

Crouse, William H., Understanding Science. New York; McGraw- 
Hill, 1950. The scientific laws that govern the operations of many 
of the man-made and natural science phenomena of the world. 
IIocBEN, Lancelot T., Wonderftd World of Mathematics. New York: 
Garden City Books, 1955. Mathematics as men have discovered it 
and ihvent^ it. 

Poole, Lyn.n, Frontiers of Science. New York: McGraw-Hill, 1958. 
The areas of science which wdll be tomorrow's work-a-day world: 
computers, chemurgy, solar energy, etc. 

SaiSEiDEB, llERMAy, and Nina Soistweh, Science Fun with Milk 
Cartons. New York: McGraw-Hill, 1953. How to build models of 
many scientific devices wlh milk cartons and a few tools. 

SemvABTz, JoLixre, It’s Fan to Know Why. New York: McGraw-Hill, 
1952. Safe and easy-lo-do experiments which illustrate the properties 
of many common substances. 

SinppEN, Kathemne B., Bright Design. New York: Viking, 1949. 
Biographies of many scientists who worked in physics from the me- 
dieval period to tlie present. 

, Great Heritage. New York: Vikiag, 1947. Tlje resources of 

America and how they have been and are being used. 


REFERENCE BOOKS AND TEXTS 

Comstock, Anna, Handbook of Nature Sfady. Ithaca, N.Y.: Com- 
stock Publishing Co., 1939 (24* ed). The classic in Uie field of 
nature study; about as complete a guide to nature as one can find in 
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a single volume. (The lesson plans are out of date, and you will 
probably not \vant to use them-) 

Craig, Gerald S., et al.. Science Today and Tomorrow. Boston: Ginn, 
1934. A basic text series wiOi enough varied and interesting material 
to be very useful both to cbildren and teachers. 

Parker, Bertha M., GoWen Treasury of Natural History. New York: 
Simon and Schuster, 1952. An encyclopedic volume of information 
on animal and plant life from prehistoric time to the present. Ex- 
cellent for beginning reference work. 

Parker, Bertha M., et al., Basic Science Education Series. Evans- 
ton, 111.: Row, Peterson. An excellent group of pamphlets on a great 
variety of science topics. 

Sai>7EmER, HERiiAN, and Nina Schneider, Heath Elementary Science 
Series. Boston: Heath, 1955. Well-witten text materials in a wide 
ran^g elementary science program. Good materials for the gifted 
child. 

TANNEmAUM, Harold E., and Nathan Stillman, Webster Junior 
Science Library. St Louis, Mo.: Webster, 1960. Science pamphlets on 
a svide variety of topics, written especially for the primary grades. 
Give accurate information through simple text and colorful illustra* 
tiems. Includes experiments and suggestions for further work. 

TnuRBER, Walter A., Exploring Science. Boston: Allyn and Bacon, 
1955. The simplest, clearest and most comprehensive elementary 
science texts that have appeared thus far. 

Ware, Kat, and Lucille Sutherland, Webster Classroom Science 
Library. St Louis, Mo.: Webster, 1957. Exciting colored illustrations 
and text explaining many natural phenomena in 32-page pamphlets. 
Include suggestions for saence hobbies. 

Wnnra’s PnocRAii. Birds of the World; Who‘a Who in the Zoo; and 
Reptiles and Amphibians. New York: ^Vhitman, 1950. Photographs 
Md scientifically accurate non-technical text describe these animals 
for oUldren. 

ZiM, Herbert S., Golden Noture Guide Series. Ne^v York: Simon and 
Shuster. Simply organized and inexpensive guides in full color to 
Bir^, Flowers, Insects, Stars, Trees, Reptiles and Amphibians, and 
Fishes. 
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FILMS FOR THE ELEMENTARY 
SCIENCE PROGRAM 

Another useful tool is the motion picture. Here is a means of 
sho^vi^g the dynamic action of an event, of showing a living 
organism in its life-like situations. This land of device is a boon to 
the teacher. American teachers generally cannot take their stu- 
dents to see real glaciers. But the students can see glaciers in 
action through the medium of a good film. Students cannot ob- 
serve tornadoes at first hand or wait for time-lapse events with 
gnnving plants. But films can bring these phenomena to them. A 
good film is a way of bringing an event from the outside world 
into the classroom when it is appropriate for the science program. 

There are, in the United States, many hundreds of sources for 
films. Small film libraries are to be found in almost every location. 
But there are a few major film Bbraries which can furnish almost 
all the films an elementary science program requires. The follow- 
ing list contains some of the major rental libraries across the 
country. 

University audio-visual centers 
University of Arizona, Tucson, Arizona 
fiostcm Univanify, Boston, Massachusetts 
Columbia University, New York, Ne\v York 
University of California, Berkeley, California. 

University of Illinois, Cliampaign, Illinois 
University of Indiana, Bloomington, Indiana 
Iowa State University, Iowa City, Icnva 
Universi^ of Minnesota, Minneapolis, Minnesota 
University of Mississippi, Univetsily, Mississippi 
Ohio State University, Columbus, Ohio 

Pennsylvania Slate University, Univenity Park, Pennsylvania 

Syracuse University, Syracuse, New York 

University of Texas, Austin, Texas 

West Virginia University, Morgantown, West Virginia 
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Private, non-profit film libraries 

American Museum of Natural History, Nmv York, New York 

Association Films, Ridgefield, New Jersey 

Moody Institute of Science, West Los Angeles, California 

Priucte /ilm libraries 

Ideal Picture Corporation, New York; New York 
International Film Bureau, Chicago, Illinois 
United World Films, New York, New York 

Furthermore, state education departments often have extensive 
film libraries which are available to teachers of that state. Various 
federal government agencies such as the Department of Defense, 
the Department of the Interior, the Atomic Energy Commission 
and many others have films which can be obtained free or at a 
nominal cost In addition to these sources, there are thousands of 
free films available to teachers from private business corporations, 
special foundations, and the like. Of course, these films will be, in 
many cases, of no use because of their specialized or advanced 
contents. However, there are many that can be used very profit- 
ably. For example, the Bell Telephone Company has produced a 
number of science television programs, and the Kinescopes of 
these programs are distributed free through the public relations 
offices of the company. A complete listing of free film*; may be 
found in: 

Educator’s Guide to Free Films. Randolph, Wisconsin: Edu- 
cator’s Progress Service. 

As with books, there are a multitude of fine films which can be 
used in the c^sroom. The films which have been selected for in- 
clusion in this list fit into the kind of science program that has 
been proposed. Each film is annotated and has been classified svith 
regard to both appropriate grade level and subject matter. The 
foIlo%ving abbreviations are used in the list: 
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P — primary grades 

I — intermediate grades 

B/W —black and wliite 

E.B.F. — Encyclopaedia Eritamuca Films 


Films about animals, plants, and people: 

Animals in Spbinc. P & 1; 1 reel (color or BAV); E.B.F. 

The effects of springtime on the lives and habits of common animals. 

Animals in Summeb. P & I; 1 reel (color or BAV'); E.B.F. 

How surruner affects some common animals. 

Animals IN Winter. P & I; 1 reel (color or BAV); E.B.F. 

Hmv animals prepare to survive the winter. 

Ants— Ukdehcbound Fajumebs. I; 1 reel (BAV); Library Films. 
ExcelJeot photography of an ant colony and how its work is 
organized. 

Balanced Aqoawum, A. P. & I; 1 reel (color or BAV); E.B.F. 

Setting up an aquarium and watching the resultant growth of plants 
and fish. 

Beaver Vallev. P & I; 3 reels (color); Walt Disney Productions. 

The life story of the beaver, how he lives, raises his young, and pro- 
tects his home; description of his general surroundings. 

Birds or TUB CooNTRysmB. P&I; Ireel (color or BAV); Coronet. 

Some of the common birds and how ^ey live; what they eat, how 
they nest, their calls, how they raise their young. 

Blace Bear Twtns. P & I; 1 reel (BAV); E.B.F. 

A delightful study of hvo bear cubs as diey play in a national park. 
Boundary Lines. I; 1 reel (coIot); Julian Bryan Productions. 

A study of how racial and leh'gious prejudices grow and develop. 
Eccs TO CinCKENS. I; 1 reel (BAV); Bailey Films. 

How a chick is hatdied from the union of a hen and rooster. Excel- 
lent close-up photographs of the development of an embryo. 

Gift of Green, The. I; 1 reel (color); Sugar Research Foundation. 
Green plants and their significance for life told simply and in bot- 
teclinical language. 
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Hovse-Fly, The. I; 1 reel (color or BAV)} E.B.F. 

Micro-photography used to show the habits and life cycle of the com- 
mon house-fly and bow it is a menace to health, 

How Oim Bodies Fight Disease. I; 1 reel (B/\V); E.B.F. 

The various protective organs such as skin and mucous membranes 
and bow they are used to fight off illnesses. 

Life in a Deop of Water. 1; 1 reel (color or BAV); Coronet. 

Simple micro-organisms used to ^cplain the basic necessities of animal 
life. 

Livinc and Non-Living Thincs. P; 1 reel (color or BAV); Coronet. 
The differences behveen these two major groups. Very simple. 

MailIAIals ABE INTERESTING. I; 1 reel (color or BAV); E.B.F. 

The distinctive characteristics of many animals along 'vith the ways 
in which animaU are classified. 

Plant Cnownt. Ij 1 reel (BAV); E.B.F. 

Time-lapse photography and aninwted drawings shosv the growth of 
plants from seed to flower opening. 

Pratinc Mantis. P 4 I; I reel (color); Bailey Films. 

An interestiag story of the life cycle of this amazing insect. 

Seeds Grow into Plants. P; 1 reel (color or BAV); Coronet 
The stages of plant development from seed to maturity and the con- 
ditions necessary for such development- 
Sleep for Health. P & I; 1 reel (BAV); E.B.F. 

Sleep and its importance in our health habits. 

Films about the earth, the stars, and the universe; 

Am All Abound Us. I; 1 reel (B/W); Young America Films. 

Simple experiments to show dial air occupies space, has weight ex- 
pands and contracts, and can be compressed. 

Am Around Us, The. P & I; 1 reel (color or BAV); E.B.F. 

The reality of air is shoum along ivith its nature, uses, and chemical 
composition. 

Big Sun and Our EIarth, The. P; 1 reel (color or BAV); Coronet. 

A very simple expHi^tion of tiic importance of the sun and the work 
it does for us. 
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Clouds Above. P& f; 1 reel (B/W); Bailey Films. 

The four main types of douds and their significance. 

ErTLoniNc tiie Nicmt Sky. I; 1 reel (BAV); E.B.P. 

The stars and constellations, iodudiog how they got their names; also 
material on bow the calendar was made. 

Fouces of Gbavity, The. 1; 1 reel (B/W); Young America Films. 
An eiplanalioa of gravity and its observable effects. 

Fossils: Clues to PnEJnsTonic Times. I; 1 reel (color or BAV); 
Coronet. 

The story of hmv fossils came to be and how scientists Lave been able 
to find their meanings. 

How WEATMEn IS Fobecast. I; 1 reel (color or BAV); Coronet 
How a weather station uses its Instruments and maps to predict the 
weather is e.TpIained. 

Lands and Wateu of otm Eakto. P; 1 reel (color or BAV); Coronet 
Land forms and watenvays seen through the eyes of a child. 

Mats and TiEm Meaninc. I; 1 reel (color); Academy Films. 

How maps ore made, what they mean, and how they may be used. 
Moo.v AND How It Af f ects Tte. I; 1 reel (color or BAV),* 
Coronet. 

A fine e.'iplanab'on of the moon’s phases along with e-rcellent telescopic 
photographs of the moon. Good explanation of tides. 

MoimTATN Buildinc. 6lh grade and up; 1 reel (BAV); E.B.F. 

The story of mountains, shown along with the geologic evidence which 
told the story. 

Seasons of the Year, The. P; 1 reel (color or BAV); Coronet 
How the seasons change and what the changes mean to men- 

SoLAB System, The. 6th grade and up; 1 red (BAV); Coronet. 

The planets and their places In the solar system presented through the 
use of models. Various basic concqjts such as gravi^ and the differ- 
cnees between stars and planets are induded. 

Story of a Storms A. 6th grade and up; 1 reel (color or BAV); 
Coronet. 

A very dramatic explanation iff the forces that cause a rain storm to 
develop. 
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TiruNDER AND LiciiTNiNc. P & I; 1 rccl (B/W); Young America Films. 
Thunder and lightning explained with answers to the questions which 
children ask about these phenomena. 

Understanding Oun Eabth: Guensts. I; 1 reel (color or BAV); 
Coronet. 

Different kinds of glaciers and how thqr now are affecting and have 
affected the earth. 


Undehstandinc Our Earth: How Its Surface Chances. I; 1 reel 
(color or DAV); Coronet. 

Tlie forces that build up and wear away the earth’s surface. 

Understanding Our Earth; Rocks and Mintrals. I; 1 reel (color or 
BAV); Coronet. 

The classifications of rocks— igneous, sedimentary, and metamorphic 
—and how they are formed and used. 

Unoerstandinc Our Eabhi: Soil. I; 1 reel (color or BAV); Coronet. 
The nature of soil and how It Is formed with clear e.\p]anations of ero* 
Sion and decay. 

Volcanoes in Achon. 6th grade and up; 1 reel (BAV); E.B.F. 

The history, cause, disUibutioo, and effects of volcanoes. Special refer- 
ence to Krakatoa. 


Water, Water, Evertwhere. P; 1 reel (color or BAV); Coronet. 

^ e water that is all around us both seen and unseen, and how water 
IS important to us. 


What Do We See in the Sky? P; 1 reel (color or BAV); Coronet 
An elementary study of the things which are found in the sky-sun, 
moon, planets, stars. 


What Makes Rain? P & l; i reel (B/W); Young America Films. 

The water cycle and what causes rain. 

Srade and up; 1 reel (B/W); E.B.F. 
erosion ascription of flowing water from the water cycle through 
erosion and its varying results. 


Films about energy, machines, and materiats: 

' ^ Electric Co. 

for the future ^ ® variety of ways and its many promises 
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Energy from the Sun. 6th grade and up; 1 reel (B/W); E.B.F. 
Using photographs of tlie suns surface to learn about our own star and 
Jjow we use its radiant energy. Includes material on the direct use of 
solar energy. 

How Maoiines and Toots Help Us. P; 1 reel (color or BAV); 
Coronet. 

A simple explanation of how man uses natural forces tlirough the 
medium of machines and engines to mate his work easier. 

How Man Made Day. I; 1 reeJ (color or B/W); E.B.F. 

The story of illumination from the earliest times to the present. 

Jet Propulsion. I; 1 reel (color or BAV); E.B.F. 

A clear explanation of the operation of a jet engine with emphasis on 
Nmvton’s third law along with the uses of the engine in modem planes. 

Lcarninc About Electric Current. I; 1 reel (BAV); E.B.F. 

The ^vayJ in which electricity is used and the devices by whldi it is 
used: circuits, conductors, inmiators, fuses, switches. 

Leaiwinc About Heat. I; I reel (BAV); E.B.F. 

How heat operates on various materials and how it travels. 

Leabnino About Lacrrr. I; 1 reel (BAV); E.B.F. 

An explanation of light and how it affects various materials: transpar* 
eney, luminescence, transluoence, c^queness, reflection, refraction. 
Learninc Aboot Sound. I; 1 reel ( BAV); E.B.F. 

Hoiv sounds are made, how they are transmitted, and bow they are 
heard. 

Macneiism. 6th grade and up; IS reels (BAV); E.B.F. 

Magnetism and its laws, how it affects the earth and how men use it. 

Magnets. P & I; 1 reel (BAV); Young America Films. 

Children discovering magnets and what they can do. 

Majonc ELBCTRiciTr. I; I reel (BAV); E.B.F. 

The story of the electric generator and its theory of operation. 

Simple Changes in Matter. I; 1 red (color or BAV); Coronet. 

Energy and matter transformations in the everyday world, A good 
explanation of the difference between physical and chemical change. 
Story op Peiroleum, TYie. I; 1 reel (BAV); E.B.F. 

Petroleum discovery, production, uses, and distribution. 
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Theout of Flickt. I; 1 reel (BAV); E.B.F. 

Why a plane can fly, shown throu^ wind-tunnel demonstrations. Also 
the functions of the rudder, elevator, ailerons, etc. 

UNniaOTANDiNC Fire. P & I; 1 reel (color or BAV); Coronet 

The uses of fire and its rdiaracteristics, including the importance of 

oxygen, fuel, and heat 

Water Power. I; 1 reel (BAV); E.B.F. 

Water as a source of power and the ways man has learned to 
harness it 

What hlATES Thincs Float? I; 1 reel (BAV); Films Inc. 

^e basic principles of flotation and how these principles are used 
by man. 


OTHER 

AUDIO-VISUAL AIDS 


In addition to Elms, there are other visual tools which ate useful 
In die classroom. The most numerous and most easily acquired, 
and often the most useful, are pictures gathered from magazines, 
newspapers, and other sources. Files of pictures, pertinent arti- 
cles, and p^phlets should be collected continuously. Items on 
scienre subjects from current periodicals and newspapers can 
provide the teacher wth much background and enrichment ma- 
terial for his teaching. 


’^ke, for example, a file on astronomy. In it, one might have a star 
^ ^ ^ pamphlet on star lore from the planetarium of the nearby 
na^ history museum, an article or t%vo from the magazine 
s<^on of the Sunday newspaper, a set of clippings from a weekly 
pi^e magazine on stars and galaxies, notes from a coDege 
w onomy coui», and newspaper clippings about the ne%vest 
copes an the latest astronomical discoveries. Other files can 
nn *iv * ^ ^ same way— a file on motors and machines, one 

^ maps, one on birds, one on mammals, one on 
space travel, and so on, FUes of this kind can prove invaluable. 
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There are also commerdal still-pictures prepared especially for 
school use. The most common of these are sh'des and filmstrips. 
Such materials have two advantages. In the first place, and most 
important, they are produced by professionals. A good filmstrip 
is an organized body of visual material on a single topic and the 
photography is generally of high caliber. Secondly, either film- 
strips or slides can be shown on small and relatively ine^ensive 
machines. On the other hand, botli slides and filmstrips are expen- 
sive to buy and many of the topics that they cover generally can 
be presented as well or better by the teacher himself \rith the 
use of an opaque projector to reproduce materials from his own 
files or from the hbrary. 

Slides and filmstrips generally must be purchased. They cannot be 
rented. And the cost of a filmstrip or of a set of slides is usually 
more than the cost of a well-illustrated booh. Using an opaque 
projector, the teacher can present visual materials from a booh as 
well as from his files and can thus have more reference material 
for use in his classroom. This means that the choosing of slides 
and filmstrips requires great discrimination. Such materials should 
be purchased only after they have been examined at first hand 
and their uses have been thoroughly considered. 

Given below is a list of some major filmstrip and slide producers 
whose catalogs are available for the asking and whose materials 
have proved sound both from a technical and an educational 
point of view. 

Filmstrip producers: 

/lineiican Cooncii oa Edacstfon, 1785 hfassachusetfs Avenue 
N.W., Washington 6, D.C. 

Bailey Films, Inc, 6509 De Longpre Avenue, Hollywood 28, 

California. 

Classroom Films Inc, 321 East 41th Street, New York 16, 

New York. 
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Coronet Films, Coronet Building, Chicago 1, Illinois- 
Educational Services, 1702 K Street N.W., Washington 6, D.C. 
Encyclopaedia Brilannica Films, Inc-, 1150 Wilmette Avenue, 
Wilmette, Illinois. 

Eye Gate House, 2716 41st Avenue, Long Island City 1, New 
York. 

Informative Classroom Picture Publishers, 31 Ottawa Avenue 
N.W., Grand Rapids 2, Michigan. 

International Film Bureau, Inc., 57 West Jackson Boulevard, 
Chicago 4, Illinois. 

Life Magazine Filmstrips, 9 Rockefeller Plaza, New York 20, 
New York. 

McGraw-Hill Book Company, Inc., Test-Film Departroeot, 
330 West 42nd Street, New York 36, New York. 

National Film Board of Canada, 1270 Avenue of the Americas, 
New York 20, New York. 

Popular Sdenee Publishing Co., Audio-Visual Division, 353 
Fourth Avenue. New York 10, New York. 

Society for Visual Education, Inc., 1345 VVest Diversey Park- 
way, Chicago 14, Illinois. 

United States Department of Agriculture, Photo Laboratory, 
3825 Georgia Avenue N .W., Washington, D.C. 

United World Filins, Inc., 1445 Park Avenue, New York 29, 
New York. 

University of Michigan, Audio-Visual Education Center, Ann 
Arbor, Michigan. 

Young America Films, Inc., 18 East 4lst Street, New York 17, 
New York. 

Slide producers: 

American Museum of Natural History, Slide Division, Central 
Park West at 79th Street, New Ywk 24, New York. 
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Carolina Biological Supply Company, Elon College^ North 
Carolina. 

Central Scientific Company, J700 Irving Park Road, Chicago 
13, Illinois. 

General Biological Supply House, 6200 South Ho>'ne Avenue. 
Chicago 20, Illinois. 

Sodety far Visual Education, Inc., 1345 West Diversey Park- 
way, Chicago 14, Illinois. 

Visual Sciences, Box 599, Suffem, New York. 

Ward's Natural Science Establishment, Inc., 3000 Ridge Road 
East Rochester 9, New York. 

PROFESSIONAL ORGANIZATIONS 
AND PERIODICALS 

In the long run, books, films, filmstrips, slides, pictures, and all 
the other materials are supplementary tools. The basic factor in 
teaching is tlie teacher himself. He needs ideas and information. 
He needs to know tried and proven techniques. An effective 
teacher never teaches tlie same dung twice in die same way. He 
constantly changes Iiis teclioiques both because he is improving 
on what he has done before and because he is fitting his instruc- 
tion to the particular group with whicli he is working at the 
moment. 

But this kind of continuous evaluation and change requires that 
the teacher have sources from which he can draw ideas. A major 
source of ideas is one s immediate colleagues. Teachers of long 
experience have much to offer a young person just entering the 
profession. There always should be a sharing of knoudedge and 
ideas among die staff members of a school. This kind of sharing 
also takes place on a natimiwide basis. Hiere are two major 
science education organizations in the country wliicli cany on 
thisxvork. 
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The National Science Teachers Assooation, 

1201 16th Street N.W., 

Washington 6, D.C. 

This organization is an affiliate of the National Education Associa- 
tion. It has a special interest in elementary school science and 
publishes both a monthly journal. The Science Teacher, and a 
supplement. The Elementary School Science Bulletin, which 
appears several times a year. Both of these contain articles which 
discuss a wide range of ideas and eiperiences for classroom use. 
In addition to these publications, the N.S.T.A. organizes work- 
shops in science education, and conferences and conventions 
which devote much time to elementary school science problems. 

oreover, the N.S.T.A. packet service brings members large 
amoimls of free materiak on all lands of science topics, 


Coracn. ron Ecementot Science toiEnNanoNM, 

Join Secretaiy.Treasurer, Supervisor of Elementary Educa- 

tion. South MOwauIree PubUc SchooU, South Milwaukee. Wisconsin. 

Thk group devotes its attention eaclusively to elementary science 
problem. lu ideas and contributions are published in Science 
Educufjou. 11,0 meetings of the Council give attention to science 
curricula, science problems, science ideas, and science teaching 
matenak for the kindergarten through the siath grade. 

^ ^ general state and national teachers’ organizations 

rhldh EducaUon Association. The Association for 

Chddhood EducaUon. IntemaUonal. and The AssoeiaUon for 
Development, and regional organi- 
eleme , ^ ^ ^ School Study Coundk give some attenUon to 

etementory science problems. Teachers should take advantage of 
the matenak and publieaUons of these organizaUons. 

ednoaUonal develop- 

science. By readmg recognized science periodioak and current 
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newspapers and weeklies, tlie teacher can keep abreast of the 
recent happenings in science. The follo\ving is a list of suggested 
science periodicals. 

Junior Natural History. American Museum of Natural History, 

Central Park West at 79th Streep New York 24, Netv York. 

Natural Histrwy incruporating Nature Magazine, American 
Museum of Natural History, Central Park West at 70th Street, 

New York 24, New York. 

Audubon Massine. National Association of Audubon Socie- 
ties, 1130 Fifth Avenue, New York 28, Ne%v York. 

Cornell Science Leaflets. New York Slate College of Agricul- 
ture, Ithaca, New York. 

Science News Letter. Science Service, J719 N Street N.W., 
Washington 6, D.C. 

Scient{j?c American. Scientific American, Inc., 415 Madison 
Avenue, Ne\v York 17, New York. 



77iU is science education: the children, iJte teacher, the ideas, the equipment. 




YTA7 'NTEGRATING science 
yvl T WITH OTHER AREAS 


FnoM Phoenix, Arizona, to Salt Lake City, Utah, is a 
distance of only 504 miles hyair. In a modem, commercial 
airliner, that is a flight of less tlian two hours. Yet 
traveling from Phoenix to Salt Lake City can take you from 
a temperature of well up in the seventies to a temperature 
of zero or below. And you can go from no snow, or just a 
trace of it, to storms of blizzard proportions. Year after year 
there is only a trace of snow at Phoenix, while the annual 
snowfall for Salt Lake City runs to about fifty inches. Or take 
tlie situation in a place like Dallas, Texas. Tlie temperature 
tliere can range from as low as two or three degrees 
below zero in January to a temperature of one hundred ten 
degrees in July. This is quite a range. Rainfall and total 
annual preeipitation are otlrer interesting phenomena. In a 
place like Bakersfield, California, die total rainfall 
for a year is likely to be less than sewn inches. Yet S.m 
Francisco which is only 250 miles away, ^v^II have more than 
twenty indies of rain. How can diese facts be 
explained? And, furthermore, Il 0 ^v do tliey affect people? 
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How does it happen tliat Bakersfield, wth its very small annual 
rainfall, is in the center of a major agricultural area, while other 
places with much more rain support very little agriculture and 
have practically no crops? 

These are the kinds of science questions which adults are most 
likely to ask themselves. It is a rare person who either needs to 
know or wants to find out the characteristics and prevalence of 
cyclonic patterns for an area. And the adiabatic characteristics of 
air masses may be of concern to a climatologist, but they are not 
at all the kind of common loformatioD which men need and use 
day after day as they search for an understanding of their environ- 
ment. ^Vhen a man is going to take out his dinghy, or when he is 
going fislung, or when he is going to play golf, he just wants the 
ans\vers to two simple questions: Will it be safe? Will it be pleas- 
ant? And when a women is concerned about the weather it is 
more likely to be in terms of the bat she should wear, or whether 
she should try drying the clothes outside. She wants to Imow the 
same Idnds of things: will it be comfortable? Can I get my work 
finished? Or, if they are at all concerned Avith the nation-wide 
weather conditions, it Avill be in terms of the effect of such con- 
ditions on their food supply and cost, or in terms of the effect on 
their travel, or the effect on their Avater supply. 

In other words, in the common range of experiences men are 
concerned Avith science as it affects their lives. Beetle operate 
as total beings, not as disembodi^ minds. Their problems do 
not stay Avithin arbitrary boundaries Avhich have been established 
by academic curricula. Rather, men attack a problem and seek, 
from Avhatever disciplines available, those resources and that in- 
formation, which they need tn order to solve their problem. As 
they strive toward their goals, as Urey continue to grow, they 
seek ways of increasing their personal integration and they seek 
to understand and fit into their environment. The educated man 
is the man who can bring to bear on his problems tliat information 
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and those skills which will enable him to find satisfactory 
solutions. Thisisamajorgoalofeducabion. 


THE SCIENCE ASPEOS 
OF MODERN PROBLEMS 

Even though teachers should continue to devote considerable 
time to the individual subject areas, th^ need to find \vays to 
introduce units of an integrated nature and use them to help 
children ^vith problem solving. In the introduction of this book 
it was pointed out that: “Most contemporary problems witli 
which the citizen is concerned are interwoven Nvitli science." 
Whether the problem is a personal one or a social one, whellier 
it is the problem of a child or of an adult, it is likely to have 
aspects wliich can be clarified by an understanding of science 
concepts. But the problem usually does not fit any single tradi* 
tional subject area. Nor, for that matter, ere the solutions to such 
problems solely dependent on science informab'on. Rallier, all 
kinds of concepts from all of the discipline areas must play a 
part in the solutions, and science plays a major role. Furthermore, 
fundamental to the point of view of this book is the thesis that 
science materials, in particular, lend themselves to integrated 
study units. Science affords factual materials and concepts wluch 
are useful in the solution of Ae probJems involved, and provides 
Ae students w'tli opportunities to leam and use rational tech* 
niques necessary to problem solving. A program of such inle* 
grated units, when soundly employed as one part of Ae elemen* 
tary school curriculum, can lead to more effective learning. 

First, Acre must be a problem. It must be whole and it must 
be presented to Ae children as a whole. Next, its ramifications 
must be allowed to lead where Aey will, crossing subject matter 
lines when necessary. If Ae problem needs to call on concepts 
from Ae social sciences for part of its solution, then Ae children 
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must be helped to acquire those concepts. And if science in- 
formation is needed in dealing widi a social science topic, then it 
must be forthcoming. Integration does not mean merely the 
integration of hvo or three subject areas by bringing them into 
die same classroom to be tau^t together. That kind of inte- 
gration is superficial, if not false. Rather, the integration must 
be through the problem itself. Thus, materials which are com- 
monly thought of as belonging exclusively to separate and distinct 
academic disciplines can be brought into a unified whole for the 
solution of the problems at hand. 


STATING 
THE PROBLEM 

The first and most important step U stating the problem. No 
matter how large the problem or how small, it must be looked 
at as a whole. It must be stated so that its ramifications, its 
implications, and its varied phases can be seen. True, the young 
and inexperienced student wUl not be able to see deeply into 
the problem. Tlierefore, it is the responsibility of the teacher to 
make certain that the students are aw'are of the varied ramifi- 
cations. Every problem that is considered, whetlier it be the base 
of an integrated or “core” unit, or a unit which will concentrate 
on some special information in science, social science, or language, 
must be seen both by the children and by the teacher in a broad 
perspective, thus allowing the students to examine the problem 
as it exists in real life. 

In the intermediate grades an example of such a problem is the 
very important study of the United States. Often, the study of 
American history, tlie study of American geography, the study 
of American democratic procedures (Citizenship Education) 
are presented independently of one another. However, it is more 
likely that these three topics are woven into an integrated whole. 
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But tliat is hardly enough. Nor is it enough to study tlio social 
sciences as an integrated whole and then, because the children 
are studying the geography of America, to study weather and 
climatology at another time during the same school day or daj-s. 
The whole problem of America as a place to live needs to be 
studied and understood in a um'fied way if the integration is to be 
successful. Suppose the children are to study tlie soutliwestem 
United Slates. Tlie problem could be amplified as follows: 

New Mexico and Arizona arc desert states with mountains 
of very great height. What are the natural conditions that 
people have to deal with in these states? How can these 
conditions be modified? ^Vhat effect did these conditions 
have on the history of these states? How do tlic people maVo 
Uicir living because of the fact that their land is mainly 
desert and mountainous? 

The answers to these questions svill necessibte a meaningful 
integration of science and social science. And not only wdll both 
of tliese broad areas of subject matter need to be brought into 
play to answer the questions, but l])is very kind of study will 
lead to all kinds of new and interesting problems with whicli 
tile children can work. 

There are dozens of sucli problems which lend themselves to 
this kind of integrated study. Here arc a few of them: 

1. In a democracy, nmvs needs to be brought to tlie people 
quickly and accurately. H<nv Is this done in America? Wluit 
are the vrayt in which nwvs is gathered and reported? \\liat 
are the madnnes for collecting and printing news and how 
do they work? Ilmv is the news gatlicrcd in our home town 
and how Is it spread? How was tlie ne^^•s gath^cd when 
America was a Britisli colony? Whit is a tree press? Hh-it 
is tlio newspaper's responsibility to the public and to tlie 
go%’eniment? 
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2. One thing tlat all men n^ is water. In the United 
States today, for every man, woman, and child about 125 
gallons of water axe used ea^ day. That is fine if one lives 
where such a supply Is easily available. But most of us 
live in dties and towns crowded close together and with- 
out enough water in or near the dty to provide for our 
needs. For example, each year New York City needs about 
15 billion gallons of svater. But even using all of the wells 
and all of the fresh wtef supplies from all of the surround- 
ing area would nrt ^ve the people of New York a fraction 
of the water which they need. How can a big dty like New 
York get the water it needs? How can water be carried 
the long distances which are necessary to get it to a dty? 
How can \vater be purified at all and how can it be puri- 
fied in the large amounts needed (or a big dty? Once such a 
Urge amount of water is brought into a dty, bo^v can it 
be gotten rid of? How are such services provided for people? 
NVbo pays for the services, and bow mud) do Aey pay for 
them? 

3. Not so very long ago, people in America used to eat food 
that was grown or raised within a few miles of the place where 
they lived. Elxcept for sugar, lea, a few spices sudi as pepper 
or cinnamon, and a few fruits which came as v'ery special 
treats on holiday occasions, Ae bread, the meat, the vege- 
tables, and all the other foods which came to Americas 
tables traveled no more than from the neighboring farm to 
the grocer, and then to the table. But meals today are quite 
diiferenL At breakfast there is coffee from Central or SouA 
America and bananas from the same area. The wheat in 
the cereal might come from the Dakotas while the bacon 
might come from Kansas and the cocoa from Ghana. Lund) 
and dinner would present the same picture. Fruit in winter 
could come all the way from South Africa. Meat could coroe 
from anywhere in the world— possibly from Texas, or from 
Wisconsin, or from Pennsylvania, but it could come from 
Argentina, or New Zealand, or from Australia, or Canada. 
The vegetables could come fr o m a nei^boring farm, and 
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so they would when the harvest season was right; but th^ 
could also come from places as far away as across the con- 
tinent or from South America. How have we managed to 
bring this variety and this plenty to our tables? How have 
men solved the problems of food preservation that have 
plagued them since the dawn of civilization? Ho%v are foods 
transported? How has food supply affected politics and in- 
ternational relations? 

4. As recently as fifty years ago, a trip of even fifty miles 
was a ma/or uodertalcing. Tru^ some people did pull up 
states end bead off to America, or if they lived in America, 
they might gather up their beloogisgs and head for the 
west But once they got where they were going, most of 
them settled down and stayed put How different it is todayl 
Most children who are alive today have traveled more in the 
few years they have been alive than their great-grand- 
parents did in the course of their entire lives. What are the 
machines man uses in travel and how do they operate? 
How do they differ from machines used in former times? 
^Vhat are the sources of power that man uses In order to 
travel? ^Vhat does he need to Imow to go from one place 
to the other? How have modem methods of transportation 
affected our relatioru with the rest of the world? 

5. An ordiestra, as it plaj’s musiq makes many different 
sounds. WhCTi one listens carefully, he hears eadi of the 
instruments. It becomes clear that each instrument has a 
different quality and each is unique. Each, however, has a 
part in making the whole or total musical story. Ho^v are 
these different soimds produced? How are the three types 
of musical instruments (strings, winds, and percussions) 
different and how are thQr alike? How are the instruments 
in any one group, the whtd instruments, for example, the 
some and how are they differwit? What makes a sound 
musical and what makes it surise? How’ are sounds related 
to one another? Why does music from India or from China 
sound differait from American or European music? How 
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can we make musical instruments produce the sounds we 
want to hear? What do you do to "tune'* an instrument? How 
do musical instruments work? 

These are all examples of big, broad problems that lend them- 
selves to integrated study. Tire questions that grow from each 
of the topics can be extended and multiplied and can lead off in 
many directions. Each has many sub-topics. And each of the 
sub-topics can benefit from an integrated approach. Consider, 
for example, a related problem growing out of the study of 
"Community Helpers.” Such a unit is often done in a second 
grade. Mostly, teachers have worked with “helpers” like die 
policeman, and the fireman, and the postman. But diere are 
many more “community helpers” who can and should be studied. 
There is the doctor, and there is the grocery man, and the shoe- 
maker, and the garage man, and the baker. 

A STUDY OF BREAD 
IN THE SECOND GRADE 

In a second grade, the problem would be kept at a simple level. 
None the less, it would be an integrated problem and the teacher 
W’ould help the children draw materiab from many of the dis- 
cipline areas. First, there must be a statement of the problem. 

Here is one way in which this could be done: 

There is a very important man who lives in our town. He 
makes something which all oE us use every day. He makes 
bread, and he also makes other good things to eat. What 
are all the different things whi^ the baker makes? How 
does he make bread? What does he put into the dough to 
make cake, cookies, pies? Do any people beside the baker 
help him make the baked goods? How does the baker take 
care of the baked goods befwe he seUs them? 
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Generally speaking, this kind of unit occupies only a small part 
of the class day, perhaps twenty-five or tlUrty minutes, except 
on those days when some special activity such as a visit to 
the bakery or the baking of braid or rolls in school is planned; 
and it can extend over a period of several weeks. Such a unit 
takes up whatever material is n^ded to answer the questions 
raised. For e.vample, the children need to spend time finding 
out about the people who are involved in tlie bread-making 
process. This would include finding information about the rais- 
ing of the necessary ingredients, about the preparation of the 
wheat, about how tlie materiab are brought to the bakei>', and 
about the bujong and selling connected with a bakery shop. 
Tliese areas each have many implications which con be ex- 
plored by the cliildren and the teacher. The children \vill read 
about bread and bread making. Tliey themselves will bake 
bread. They will write stories about the people who help make 
the bread. They will collect pictures of these people and use 
them to illustrate their experience charts. Tljey will draw pic- 
tures for their stories. In short, their e-xperfences will range over 
the whole of the curriculum. Here are some of the topics which 
a second grade might study, with each of them placed wlicre 
it seems to fit in connection with tlie common subject matter 
areas: 

I. In the area of social studies 

1. Finding out where the flour that is used In baking comes 
from 

2. Finding out about the other ingredients that are used in 
baking 

3. Finding out the ocaipations of the wrious people who ac- 
tually have a part in producing bakery goods 

II. In the area of health 

1. Findingoutwhybreadis^wapped 

2. Finding out why cake is kept tn a glass case 
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III. In the area of arithmetic 

1, Finding out about the costs of bakery products 

2. Finding out the meaning of “dozen " “half dozen,” etc. 

IV. In the area of language arts 

1. Heading and writing stories about bread and bread making 

2. Reading and writing redpes 

3. Learning new words 

V. In the area of science 

1. Finding out what yeast does to dough 

2. Findingouttheeffectc^bakiDgsoda on dough 

3. Finding out about some the maduneiy needed in baking 

4. Finding out some of the basic con<»pts involved in the re- 
lationships betu'eeo time, temperature, and baking 

The teacher is well aware of the importance of maldng the 
study thorough, but none the less at the level which the chll* 
dren can understand. For this reason, the teacher will choose 
only a fe^v basic concepts and will stress them. In this case, one 
concept will be: 

To make dough into bread, it is necessary to mix bubbles of a 
gas into the dough. 

This can be done by using yeast, or baking soda and water, or 
by beating air into the dough, or by using a combination of all 
three methods. Thus, when the dou^ is baked, it will become 
soft, and spongy, and tasty. The teacher limits this basic concept 
and does not consider material about the nature of yeast, nor 
about the chemical reaction of baking soda and w’ater, nor about 
the physical principles involved in beating air into dough. Such 
materials are too advanced for second grade. The teacher em- 
phasizes the simpler concepts and fixes them in the children’s 
minds. 
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A STUDY OF BREAD 
IN THE SIXTH GRADE 


Obviously, there is much more to be gained from tlie shidy of 
bread and bread producti and from a study of the science 
involved in their production. An upper elementary grade, \vorlc- 
ing on a study of “Afy Body and How It Works,* again can 
study the making of bread in an integrated unit. Their work 
will be much wider in scope and deeper in imderstanding. The 
statement of the problem will redecl this. Here is the problem 
as it might be stated for such a grade; 


Bread is calied the staff of life. Almost all people around the 
world have some (and of breadstuff which is basic to their 
diets. Some use wheat as their groin, some rice, others rye, still 
others maize. But, whatever the basic ^ain or ■com,* most 
people have “bread" which appears at almost e\‘cry meal, ^\'hy 
b bread so important to the body? Wbat b the meaning erf 
“calorie* when it b used In connection with food? What are 
some of the different kinds of breadstuffs which are used 
around the world? What b the difference between “bleached* 
flour and “whole* flour? ^Vhat sdentiBc information b used In 
tlie making of bread? How b tho bread that is in general use 
today made and bow does this compare with tlie ^vay bread 
^vas made In pioneer times? 


Ans^vermg these kinds of questions requires much more ma* 
tuiity than did ans^ve^^ng those which were posed to second 
grade children. But tJje new learning can bo built upon tlic 
rounded picture which the second graders took with them 
after their study of bread making. In an upper grade, the sub- 
ject matter covered in an integrated unit study would have 
even wider scope tlian that done at llie second grade level. Here, 
for example, are some of lliC learnings tliat miglit be carried 
on os they appear in subject matter dislsions: 


319 



XIV: Integrating science v>Uh other areas 


1. In (lie crefl of sociol studies 

1. Finding out about the use of bread in the local community 

2. Finding out about the role of bread in the history of 
civilization 

3. Finding out about the different lands of bread and about the 
meaning of the word ‘‘com" 

4. Finding out how bread is produced commercially and how 
bread was produced in pioneer times 

5. Finding out how bread is made in a small bakery as com- 
pared with a large factory operation 

II. Inthe area of health 

1. Finding out about the role of staicdi and carbohydrates in 
nutrition 

2. Finding out why vitamins are added to fiour 

3. Finding out about the role of sweets in diets 

4. Finding out about public health laws including the Pure 
Food and Drug Act and their effect on the operation of a 
bakery 

5. Finding out about the health import of breads made from 
different kinds of grains 

6. Finding out the facts about bread “softeners' 

III. In the area of mathematics 

1. Finding out about the weights and measures used in the 
production of bread 

2. Finding out about the total annual amounts spent by a 
family on bread and bread products 

3. Finding out about the total annual amounts spent nationally 
on bread and bread products 

IV. In the area of language arts 

1. Reference work 

2. Written and oral reports 

3. New vocabulary 

4. Interviewing bakery workers 
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V. In the area of science 

1. Finding out about j'cast as a plant 

2. Finding the nature of the j-cast reaction including the ele- 
mentary chemistry of tlie carbon dioxide-oxygen cycle 

3. Finding tlio nature of the cliemical reaction of sodium 
bicarbonate and ss'atcr or add 

4. Studying chemical reactions of baking and cooldog 

5. Finding the physical principles Involved in mixing gases 
Into dough 

Here are some of the activities wliieli have special science 
emphasis; 

t. TI)e doss can obtatn commercial yeast and examine it with 
tlio aid of a hand lens. 

3, Each child eao grow yoast under a variety of conditions: 
in sugar ivater, in molasses, in potato ivater, etc. 

3. Each clilld can prepare yeast doughs and can do quantita- 
tive experiments on sucli things as amounts of yeast used and 
resultant conditions of dough or on the relative effects of differ- 
ent temperatures on yeast gas yield. 

4. The children can experiment with making root beer using 
sugar water, yeast, and sjTup- Tliere are a X’oriety of tests to 
be made: the effect of eliminaling one of the three Ingredients: 
the effect of using boiling water; the effect of placing the mix- 
ture in the refrigerator while or before it has produced gas; 
the effect of using ice watw in tlie mixture. Other variations 
can be devised by the cliildren. 

5. The cliildren can carry on simple fennentation experiments 
us&ig fermentation tubes, aad they can test the resultant gas 
and learn tlie nature of carbon dioxide. 


An analysis of these activities indicates that they draw on in- 
formation from physics, chemistry, and biology. It is important, 
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however, that the teacher again choose carefully the basic con* 
cepts that he is going to stress. At tius upper level there will be a 
greater number of concepts, each of them will be more complex, 
and there will be enough range in their complexity so that the 
mucdi wider interest and ability span of the upper graders is 
satisfied. Here are some of the science concepts which could 
be stressed at this level: 

1. Yeast is a living plant of the fungus variety. 

2. Yeast reacts with carbohydrates to form carbon dioxide and 
alcohol. 

3. Fermentation is a natural process which has been used by 
men both for bread maVing and for maldng alcoholic bever- 
ages through the ages. 

4. The conditions under whidi the yeast reaction \vil] occur 
are limited by time, temperature and quantity. 

The lands of lessons that can be carried on with this sort of 
material are also interesting and vmique. The teacher can start 
a class with materials like: soda crackers, unleavened bread 
(matzoths), or hardtack, com pone, or hoe cake; the raw in* 
gredients for one of these items, as well as some yeast and 
some halting soda (sodium bicarbonate); and the necessary 
baking utensib, including a good electric or hand beater. With 
these, he can help the children make a tbomtigb study of the 
effect of various leavens and leavening methods on dough. It 
is not.enough to stop here. The reasons why these leavens worl^ 
the measurements involved in making them work at optimum 
levels, the historic import of leavens, all of these will make 
important additional lessens. But such information as the chani- 
cal formulae for various carbohydrates and for the alcohols 
produced in tire fermentation process will be beyond the range 
of many of the children and will be the work of only a special 
group who have particular interest and ability in this area of 
science. 
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In like manner, some of the children wU have special interest 
in some of the social and historical concepts and information. 
Tims, the one, big, integrated problem will be the base for many 
different kinds of important school activities; 

1 . Tlie group as a whole will ^vm-k on understanding a problem 
as it actually exists for fnen~not in ortificuil compartments, but 
in closely interrelated areas from various disdplines. 

2. The group will gain a variety of skills and information. 

3. Individuals ^vill have a chance to sec problems as wholes, 
each to the extent that he Is able to see the svhole. 

4. Individuals with varying interests and abilities ^vill End 
materials and ideas whicli thq' will be able to explore so 
that they can both contribute to the class’s understanding of 
the problem and further their mvn interests. 

Tho integrated units which have been described so far are of 
the kind wldcli can and should be planned long in advance of 
their use. In fact, units of Uils kind need to be placed in the 
program of any class only after ll»ey have been seen both in 
relation to tlie rest of the class curriculum and in relation to 
the over-all scliool curriculum. Integrated imits too must have 
a continuity and must follow Uie criteria which were estab- 
lished for planning the school program. They will be simple 
and concrete in the lower grades; they will be more abstract 
in the upper grades. Tliey xvill correspond to the cliildren’s 
interests In so far as possible. They svill be built upon the needs 
and demands of society. 

1NTEGRA.TING SCIENCE 
WITH CURRENT EVENTS 

Tliere is, however, anoUier pliase of the curriculum where the 
integrated learning situation is inherent; namely, current events. 
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Consider these headlines in The New lorfc Times in the course 
of a single week: 

“U.N. Atom Panel Agrees Fall-Out Is Peril To Man 
“Khrushchev Urges More Steam Power” 

“Nautilus Sails Under Tlic Pole And 1630 Miles Of Arctic Ice- 
cap In Pacific-To-Atlanlic Passage” 

“Glennon, Oliio Educator, Named To Direct U.S. Space Unit 
“Top-Shaped Device To Be Shot At Moon* 

“Eisenhower Signs A.E.C. Funds Bill” 

Undouhtedy this material belongs in the school. Even if a teaclier 
wanted to bar it from the school program, he would have to 
batde against the interests of the children. Imagine a sixth 
grade that had no discussion of the voyage of the Nautilus or 
the successes and failures of satellites and of rockets to the 
moonl Furthermore, tlie teacher should do more tlian Just 
allow It to come into the classroom, the teacher should make 
definite plans for current events to be considered. 

Young cliildren are not likely to be aware of too many of the 
daily news items. Only the most dramatic items will come to 
school with them. Even the very young ones, however, will be 
concerned with the spectacular nervs as it occurs. Tlie first grades 
of the coimtry buzzed quite as much when “Sputnik I” 
liit tl^e sky as did the sixth grades, or tenth grades, or college 
classes. When these young children are concerned with such 
a current event, the teachers need to help them understand 
it at their stage of development. This tneaus, for the most part, 
helping the children understand “what it is” rather than “how 
it works.” Little children need to know that: 

A satellite is like a moon. It is a small, hollow ball made out 
of metal. Men have shot it up into the sky. Now it is circling 
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around the earth. It is so small that we cannot see it the 
way we see tlic moon. But scientists who have telescopes 
and who knorv wljcn and %vhere to look in the sky can sec 
It. It looks like the moon too, only it Is much smaller and 
moves very fast as it travels aoxiss the sky. It cannot harm 
us. It was shot into the air to gather information. Its radio 
sends this Information back to the scientists. 

kVliat young cliildren need most is to understand what is hap- 
pening and thus to fit it into tlieir concepts of the universe. 

Generally, however, the young diildren are much more con- 
cerned witli die immediate and local happenings of their world. 
In a sense, these are their news items, and when science con- 
cepts are related to the events wldch these young people bring 
in, they should be considered. The follo%ving are samples of 
such items.' 

*It hailed so hard last night tliat the hailstones broke a window 
in our car.” 

“kVe had no electricity in our part of town for two hours 
yesterday. We had no li^ts, and we could not cook, and 
the television set was off too, but the telephone was working.” 

“Our \vhole laivn was covered mth grasshoppers this 
morning.” 

“The snow >vas so high in front of our house this morning 
that we could hardly get our car out of the driveway. But 
there vras no snow on the sidewalk across the street." 

Tliis kind of item %viH certainly come to the attention of each 
teaclier and he must he alert to each as it comes up and help 
tlie cliddren find some of its varied implications. 

As tlte children move into the intermediate and upper grades, 
they can understand the meaning of current events more easily 
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and they enjoy studying tliem. Re^Iar periods devoted to the 
study of man’s contemporary problems and their implications 
are, dierefore, necessarily part of the elementary scliool pro- 
gram. In these grades, the implications of the science news items, 
such as those that were listed, need to be fully developed. 'The 
discussion by an upper grade of the first news story listed above 
might include the following: 


Atomic fall-out is an issue which must be resolved in the 
next few years. Tlicro is no doubt that radiant energy in 
large doses has a had eiFect on living tissue. But the question 
is much more complex than simply stopping the testing 
and use of atomic weapons. First of all, it must be noted that 
dangers to mankind ore seldom absolute. The question 
becomes; Is it more dangerous for us to continue to test 
atomic weapons and risk injuring men through these tests, 
or to stop the tests and risk having our possible enemies 
become relatively more powerful because we have stopped 
them? But when that issue is resolved, there is still another 
matter to be considered. Even if all testing of weapons 
should be stopped, the radiation danger will not be elimi- 
nated because, unless men decide to go back to the pre- 
alomic age-aod that cannot happen-much radioactive- 
material will be released Into the atmosphere through the 
peacetime use of the atom. Thus, the question now becomes: 
How can radioactive materials be kept from the atmosphere, 
or hmv can living things be protected from the ill effects 
of radioactive materials? 


Any of the headlines could be analyzed in a simUar way. For 
example, a story as spectacular as that of the Nautilus is bound 
to reach the classroom. What tlw teacher does it to help the 
children examine the various Implications. 

Does this journey mean a new ocean travel route for car- 
rying cargo and passengers? Will the route be useful year 
round or only for small parts of ear* year? What does this 
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voyage mean in military matters? Are there any natural re- 
sources sudi as oil in the arctic areas? Can the resources 
of the Arctic bo tapped by the use of submarines? 

Tiiese kinds of news items can be used to e5fpand die vision 
of the elementary scdiobl children. It was Jules Veme who 
first had a submarine sailing under a polar icecap. And space 
travel and rockets to the moon were, just a few short years ago, 
the sole province of science fiction atilhojs. But these feats are 
no longer in tlie realm of fiction. Here are headlines that in 
a matter of fact way report the establishment of a govern- 
ment space agency, and a rocket shot to the moon, and a trip 
tinder the polar ice. Clilldren of today certainly tvill not live 
the way we liave lived In tlie past. They will travel farther and 
faster and more often and to more strange places than we have 
ever imagined. People will have many new decisions to make 
because of the space age. 

Tlie teaclier’s role in bringing about sound decisions is clear. 
He must help the cliildren see die ramifications of the prob- 
lems. He must help them widen their views. But, first, he must 
widen his own views. He needs to look at each of the current 
events items carefully and find out the many areas to which 
it leads and from which it comes. As was said before, the busi- 
ness of the world is the curriculum of tlie school. Tlie teacher 
first tries to understand the business himself; then, he helps the 
children understand it too. 


Summary 

Since ptoblems that men face are Integrated, it is the rare instance 
in which men need to call on &fonnatfon from only one discipline 
to solve riieir problems. This means that the school needs to set up 
as many problem situations as possible in which children have to use 
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information from all of the acadranic disdplines. During the entire 
school day and through the entire sdiool year this should be the 
case. \Vhenever a teacher introduces a nmv problem, whether it be in 
the social science class, the English dass, or the science class, he 
must help the cliildren see it as an integrated problem. But, in 
addition to this approacli, the teacher can bring special integrated 
units to the dassroom through the use of the kinds of problems that 
have been described in this chapter. 

The problems that are chosen can fit Into an over-all school plan 
for such integrated units, but tbey can also be introduced by the 
individual teachers whenever they seem appropriate to the work 
of the class. The first thing that the teacher needs to do is to think 
through the statement of the problem. The statement of the problem 
is an essential part of planning. By preparing the problem carefully, 
the teadier not only is able to present it to the children more ade* 
quatdy, but he is also able to introduce its various ramifications and 
Implications. This is essential if problems are to be considered In a 
thorough w'ay and superficiality avoided. The teacher employ’s the 
basic learning prindple: Learning is often facilitated when the 
leamer sees a whole or unified problem and sees the significance of 
its related parts. 

The Gestalt approach— the approadi to teaching and learning upon 
which this integrated program is based— has at times been misinter- 
preted to mean that subject matter and substance can be eliminated 
from the program. “Just teach the children to think," some have said, 
^t this is obvious nonsense. People cannot think in a vacuum. 
There are few problems that children can solve if they have no 
science concepts, nor history information, nor mathematics general- 
izations with which to attack them. But the authors contend that, 
givm a weU-rounded picture of the problem, and given the oppor- 
tunity to search out applicable materials for its solution, children 
more likely to do a mcjre thorough job of both solving the prob- 
and of ^ding infonnatioD in the subject matter areas than 
they would with no such integrated approach. 

The childrea must be led to search in the sciences and the other 
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discipline areas for the generalizations which tliey can use to solve 
their problems. And, moreover, lh<y should be encouraged to dig 
deeply and lljoroughly into the various phases of the problems which 
they consider. A superficial eramraation of a problem is worse than 
no examination at all. For this reasoi, it seems wise to limit the 
number of problems tliat any examines and to allmv sufficient 
time for each problem so that it can be given as thorou^ consider- 
ation as tlie maturity of the students warrants. It is better to do fewer 
such units during a school year and do them thoroughly than to try 
to cover many and do them superficially. 

Once t])e teacher has examined the problem himself and set it up, 
he can help the children taeWe it. Children of differing interests 
and abilities have a cliance to specialize in those phases of the prob- 
lem wluch are of spedal interest to tJiem. Each child is helped to 
tznderstand the full and rounded problem to the extent which he 
is able. And, finally, the whole dass contributes to the solution of 
the problem and eadt child then can tahe away an answer which is 
personally satisfactory to him. 

What can tliis kind of program do? First, of course, it can encourage 
the children to find information. They can delve Into & multitude 
of areas. Second, it can help the chfldren learn some of tlie tech- 
niques of problem examination and problem solving which they 
must use In tlieir daily lives and which they ^vill continue to use 
as adults. Beet, most of all, it can help the children see a relatioaship 
between what is learned in school and what exists in the world 
outside of sdiool. This is most sigaiScant IVbeo diildreo can see 
the interdependence of the sdiool curriculum and the world at large, 
they not only svant to leani, but they do leam. Integrated units 
serve these purposes. 


CONCLUSION 

Tile inca-edible pace at which sdeoce has progressed daring 
the last century has complctdly changed our way of living. It 
took one hundred years for railroads to become the backbone 
of America’s transportation s^tem. It took only fifty years for 
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the automobile to become an integral part of our lives. But the 
airplane came into its own within twenty-five years. And in 
every other area of our civilization, science and technology are 
taldng similar giant strides and going ahead at an ever in- 
creasing rate. Today’s child needs to know much more science 
than liis father. He even has to know more than his older 
brother. ^Vhere else can he be^ to learn this science but in 
his elementary school? 

As the need for more and more science has become clear, 
schools are organizing and ^vill continue to organize a variety 
of programs in the science area. Such erperimentation is al- 
w'ays helpful, but regardless of the lands of frameworks tliat 
are designed, the principles outlined in this book— for the es- 
tablishment of objectives, for the selection of content, for the 
techniques of teaching, for the methods of evaluation— in short, 
for the development of a total elementary school science pro- 
gram can serve as a useful and valuable guide for teachers and 
administrators. 
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over-all school plan, 27-38, 85, 
91, 92, 141 
trip, 194, 195 

unit plan, 27, 38-48, 64, 79, 80, 
116. 119, 150-151, 154, 161, 
175, 188, 260. 316 
Plants. 152, 167, 168, 174, 199. 
aw, 214, 258. 239, 261, 262, 
295 

Pluto, 32, 146 

Power stations, 181, 191, 193 
Primary grades, 11, 15, 31, 34, 
37. 114-115, 143, 168, 206, 
208, 210, 260, 276 
Prisms, 169-172 

Problem solving, 2-5, 17, 19, 21, 
22, 23, 25, 29, 40, 41. 43, 53, 
56, 68-69, 84. 100, 120-121, 
130, 141, 158-161, 176, 177, 
!£3, 223. 22&-!130, 239, 265, 
207, 31(W28 
Proteins, 233-233 
Protozoa {see also Micro-organ- 
isms), 43, 49, 112,152 
Pythagoras, 134 

Q 

Quantitative concepts, 132-154, 
174, 175 

R 

nadar, 187 

Badio, 54. 187, 192, 200-203, 261 
Bain (sec Weatlier and Water) 
Bainbow, 15, 169-172 
Bcadincss. 8, 14-17, 20, 200 
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biological, 14 
cultural, 15 
mental, 25 

Reading skills, 111-114, 117, 118, 
130.252,256 

Reference work, 44, 46-47, 110- 
131, 146. 148, 190, 214, 229, 
255, 263, 275, 316, 319 
Relative humidity (see else 
Weather), 227 

ReliabUity, 163-164, 166, 174, 
230-232, 23S, 241, 249 
Reports. 217-218, 237, 319 
Resource people (see Experts) 
Review, 17, 42. 46. 51, 72. 74, 75, 
101, 107, 126, 128. 130, 202 
Ringer’s solution, 43, 50. 152 
Rockets, 16, 323, 326 
Rocks, 30. 236, 238 
Rotifers (sec also Micro-organ- 
isms), 153 

S 

Safety. 177, 212, 309 
Salk, Jonas, 47 
Satellites, 33 

man-made, 1, 31, 89, 94, 96i- 
108, 262, 264, 323 
Saturn, 32, 146 
School nmvspaper, 217-218 
Science: 
definition of, 3-4 
major generalizations, 30-31, 
38, 117, 126. 170, 164, 237- 
260, 261-262, 276 
related to society, 1-6, 23-24, 
29 40. 41. 54, 203, 308-329 
Science fairs, 204, 215-217, 219 
Sdenti&c method, 46-48, 62, 130, 
157-lK. 177, 222. 228-229 
Scientific supply companies, 274- 
275 

Scientific periodicals, 306-307 
Second grade (see also Seven- 


year-olds), 39. 72. 115, 117, 
169-172, 207-210, 213, 315- 
317, 318 

Security, feeling of, 11, 12, 13, 
57, 68 . 79 

Seeds (see also Plants), 86, 144, 
161-168, 173, 174 
Self-confidence, 13, 68, 210 
Seven-year-olds (see flfeo Second 
grade), 36. 39. 218 
Shells. 86-89, 144 
Sbcnv-and-teU, 85-89 
Sixth grade (see also Eleven- 
year-olds), 38-48, 49-51, 82. 
128-130, 145-151, 172-176, 
184, 210-213, 214, 256, 261, 
276, 318-322, 323 
SLt-year-oIds (see also First 
grade), 14, 15, 33, 36, 180 
Skink,81 

SUdes, 147, 269, 303-30S 
list of producers, ^4-305 
Snail, 87, 117 
Snake, 81, 118 

Snow (see also Weather and 
Water), 324 
Social studies, 311-327 
Soil. 162-168, 174, 175, 258, 262 
Solar energy, 261 
Soht noon, 147 

Solar system, 31, 107, 146-147, 
214 

Sound and music, 258, 314 
South Pole, 164-105 
Space. 32, 102. 146 
travel, 89, 96, 302, 323 
Spectrum, 169, 172 
Stars, 30, 33. 82, 96. 98, 107, 132, 
I45-I5I 
charts, 33 
dusters, 112 
Status, 13,63,79.213 
Steam power (see also Energy), 
268,323 

Steel, 183-186. 211 
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Submarines, 323, 325^20 
Summarizing, 63-6-1, 67-68, 73, 
107, 171, 172, 193, 193-199, 
202 201-220 

Sun, 30, 31-32. 33, 96, 102, 107, 
132-133,258 
“Our Mr. Sun," 185 
sunshine. HI, 162, 161-163, 
166, 167, 169, 170, 171, 161, 
211 


Teacher; 

professional journals, 306 
professional organizations, 
305-300 

role of. 6-9, 24-25. 26, 36. 59, 
6667, 92-93, 150-151, 197- 
198, 201. 202, 232, 305, 326 
Technology, 2, 54, 329 
Telescope. 29. 281, 282, 261, 324 
radio. Ill 

Televistoo, ISO, 192. 206203, 
324 

Temperate zone, 256260 
Temperature (sec also Ther- 
mometer), 19, 142-143, 203, 
210, 258, 308, 317. 321 
Ten-year-olds (see also Fifth 
grade), 10, 15, 36, 77, 82, 
163, 218 

Testing, 225-227, 230-252 
completion tests, 244 
essay tests, 233-242 
matching tests, 246247 
multiple choice items, 245-246 
objective tests, 242-247 
lec^ items, 243-244 
reco^tioa items, 243, 245-240 
standardized tests, 249-250 
tests of application, 247-248 
true-false tests, 245 
validity and reliability, 230- 
232, 238, 241, 249. 250 


Tlialcs, 161 

'Iliertnometcrs (see abo Tem- 
perature) 21, 130, 142-143, 
203 

Thermostat, 203 
Tliird grade (sec abo Eight- 
year-olds), 17, 33. 57-09, 85. 
115, 201, 250 

Time, 140, 147-143, 15MS2 
Toys, 86 

Trains. 82. 101, 165, 217, 329 
Transfer of learning, 17-21, 26 
Transportation, 217, 314, 3^ 
Trips. 101, 170-199, 202-203, 263 
to airport: 

to see planes and weather 
station, 181-183 
to sec radar instalbu'on, 187 
to sec weather facilities, 90 
tobaVery, 310 
to collect butterflies, 95 
to fann. 190 
to garage, 192-193 
to hospital laboratory, 44 
to planetarium, 107, 147 
to power station, 184, 191 
to radio-television station, 192 
to zoos and museums, 119 
Turtle, S7, 68 

U 

Universe, 30. 31, 82. 96. 258, 262 
Upper grades, 34, 37, 69, 163, 
276, 318, 321, 324-325 
Uranus, 146 

V 

Validity. 174, ^-232, 233, 230 
Venus, 31-32, 146 
Verifying, 185-187. 203 
Verne, Jules, 326 
Vitamins, 246, 319 
Volcano, 186 
Voltaic pil^ 7676 
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Waksman, Selman Abraham, 47 
WaUaby, 118-119 
Water, 313 
boiliig, 19 

chlorination, 50, 70, 313 
conservation, 2-3 
c>’cle, 237 
distilled, 43-44, 50 
evTiporation and condensation, 
238 

fluoridation, 2 , 3 
for growing micro-organisms, 
43-44, 49-51 

for growing seeds and plants, 
162, 1&4, 167, 168 
for rainbows, 169-172 
freezing, 19, 260 


guns, 20 

importance in man’s life, ^-70 
pollution, 94 

power for electricity, 70, 191, 
193 

properties of, 175 
pumps, 20 

rain. 69, 90-91, 144, 308-309 
supply, 2, 50, 215, 262, 313 
table, 2» 

Weatlier, 17, 21, 90-92, 144-145, 
175, 182-183, 227, 237, 258, 
260. 30S-309 
Welding, 193 


Yeast. 317, 320-321 


339 



